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"ig Sealed and Shielded Ball Bearings 
Solve Electric Moror Positioning Problems / 


CUSTOMER PROBLEM: 


Conventional lubrication imposes design 
restrictions on electric motor manufacturer. 
Mounting positions are limited, since bearings 
must be accessible for service or relubrication. 


SOLUTION: 


New Departure offered factory prelubricated, 
shielded ball bearings. Electric motors equipped 
with these high precision, production ball 
bearings, maintain their original performance 
in any position. And, accessibility for service 
need not be a ruling factor in motor location. 


These quiet-running ball bearings are virtually 
lubricated-for-life, and eliminate the need for 
adjustment because of wear. In applica- 
tions where excessive contamination conditions 
exist, a full line of efficient New Departure 
Sentri-Seal ball bearings are also available. 


If your product or design calls for iong, trouble- 
free bearing life, why not call on New Depar- 
ture. There’s probably a high production, low- 
cost ball bearing, built to New Departure’s 
traditional precision, that’ll do the job better. 
For information, call the N/D Sales Engineer 
in your area or write Department L-11. 


ERARTURE 


DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS LIKE A BALL 


Circle 104 on page 17 





The BODINE line — 


a complete line of fractional hp motors 
More than 3500 standard built-to-order motors 


... for blowers, pumps, coin-handling 
units, communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, machine 
tools, and similar applications 
BODINE TYPE N MOTORS 


These motors are available in three basic 
sizes... the smallest 33/g” in diameter... 
the largest 51/2”. Almost any type wind- 
ing. Standard ratings from 1/150 to 1/6 
hp at 1725 rpm. 


Write for bulletin “S”’ 


...for instruments, timing devices, 
control apparatus, and related 
equipment 

BODINE TYPE K-2 MOTORS 


Available with and without speed re- 
ducers. Model without reducer ideal for 
equipment requiring relatively low out- 
put. Overall height only 23/g”. Instantly 
reversible. Can be stalled indefinitely. 
Synchronous or non-synchronous. Nor- 
mal 60-cycle output ranges from 1/2000 
to 1/500 hp on continuous duty. 
Models with parallel shaft speed re- 
ducer have high starting torque of not 
less than 150% of full load torque at 
room temperature. Quickly reversible 
under load. Synchronous or non-syn- 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque ratings from 
1.3 in. oz. to 120 in.’ oz. r 


Write for bulletin 1024A 
...for speed reducer 
models, bulletin 10238 


...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 

BODINE TYPE U MOTORS 

U" type motors are available in 1/20 
and 1/15 hp at 1725 rpm...and in 1/30 
hp at 1125 rpm. Diameter 43/g”. Split- 
phase construction. Resilient mounting for 
quiet operation. Thermal overload pro- 
tection. 


Write for bulletin 1028 


295 different stock types and sizes ready for fast shipment! 


BODINE ELECTRIC CO., 2506 W. BRADLEY PLACE, CHICAGO 18 


se. BODINE 


N fractional / 


goo!" / horsepower 
=<” MOTORS 


...the power behind the leading products 


BODINE SPEED REDUCER 
MOTORS 


...combines motor and speed reducer in one 
unit, eliminating all cumbersome and 
complicated speed reducer transmissions such as 
belts, gears, and chains 


...single or double 
reduction speed reducers 
for transmitting low 
torques over a wide range 
of speeds. Height, 35/,”. 


..double worm-geor 
reducer to deliver 
moderate torques at low 
speeds. Height, 43/,”. 


...single reduction, right 
angle worm gear reducer to 
deliver moderate torques 
Height, 47/,” 


double worm-gear 
reducer for transmitting 
high torques at low 
speeds. Height, 67/,” 


single reduction, right 
angle worm gear reducers 
for transmitting substantial 
torques. Height, 6%.” 


heavy duty reducer for 
continuous driving of 
heavy loads. Ample reserve 
for overloads. Height 77/g’ 
Eight different windings 


Write for bulletin 1022B 
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Behind the quality of Phelps Dodge 


* 


Abrasion resistance Film flexibility 


ELECTRICAL MANUFACTURING 





Phelps Dodge Formvar magnet 
wire has a high quality and 
balance of essential properties 
that are the result of carefully 
controlled testing throughout the 
manufacturing process. These 
balanced properties offer greater 
abrasion resistance, exceptional 
film flexibility, improved solvent 
resistance and high product 
uniformity—factors that serve to 
make Phelps Dodge Formvar the 
standard ‘‘yardstick”’ for the 
electrical equipment industry. 
Phelps Dodge Formvar is 
available in round, square 

and rectangular shapes. 


Any time magnet wire is your 
atitiahineaaeeatines problem, consult Phelps Dodge 


for the quickest, easiest answer: 


PHELPS DODGE 02°! PRODUCTS PPM 2 °° 


/ 


LASTING QUALITY 
CORPORATION 
—FROM MINE 


INCA MANUFACTURING DIVISION ae ines sxananded’ 


FORT WAYNE, INDIANA 
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Design Considerations 
Thermal Design Factors 
Reliability 


Your Classification: 


Techniques of Cooling 
Electronic Equipment 


This basic article on cooling theory and temperature measure 
ment is the first of two to be presented. Included are methods 
and techniques of temperature measurement and control. The 
article is supported by charts, graphs and practical illustra 
tions. Explained are types of cooling with their advantages 
and drawbacks, and the instruments of temperature measure 
ment and control. 

SS: 


Welsh, Cornell Lab., Inc., Buffalo, N. ¥ 


Aeronautical 


Electrical Manufacturing 1958 November p 80 8 pp 


Design Considerations 
Specifications and Standards 
Production Cost 


Your Classification: 


Specifications Review—A Key to 
Value Improvement 


This study discusses equipment specifications as a primary 
influence on product value. It gives guidance for evaluation 
and value-improvement of specifications. The practical prob 
lem of how to organize for and accomplish a specifications 
review is discussed, with means for taking appropriate action 
on the results of the review. 


lr. C. Reeves, Radio Corporation of America, Camden 2, N. J 
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Materials, Electrical /Electronic 
Magnetic Materials 

Design Considerations 
Thermal Design Factors 


Your Classification: 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys 


Normal magnetization curves, saturation induction, remanence 
and coercivity measurements at both increasing and decreas- 
ing temperatures in the —60 to +250 C range for: Hipernik 
V, Hipernik, Deltamax, Mo-Permalloy, Supermalloy and 
Hymu 80. 


J. F. Fritz and J. J. Clark, Westinghouse Electric Corpora 
tion, East Pittsburgh, Pa. 
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Product Design Case History 
Electronic Apparatus 
Control 
Systems & Servos 


Your Classification: 


Frequency-Division System for 
Pushbutton Telephone 


Multi-frequency code signaling is used in an experimental! 
development of a switching system for telephone circuits 
Combined tone ringing and pushbutton calling are made 
possible by circuits employing transistors and ferrite coils 
The system and information theory involved are fully out 
lined. 


L. A. Meacham, J. R. Power 
Laboratories, New York, N. Y. 


and F. West, Bell Telephone 
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Motors 
Integral Horsepower 


Your Classification 


Duty-Cycle Motor Selection 


A clear, easy-to-follow method of selecting motors for special 
duty-cycle applications—an increasingly recurrent problem for 
the equipment designer. Included is a mathematical analysis 
of the motor equivalent circuit 


Morris. Howell Electric Motors Co., Howell, Michiga: 
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Components, Electrical /Electronic Your Classification: 


Contact Devices 
Control 
Systems & Servos 


Design Factors in 
Thermostat Selection 


Functional diagrams and a table of characteristics suppor! 
a description of the various basic forms of thermostat. The 
equipment design significance of creep, positive and snap 
action contacts, the forms of enclosure and other thermosta! 
details are fully discussed for guidance in selection 


Paul Dahlen, Stevens Mfg. Co., Mansfield, Ohio 
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@ Quick interpretations of feature article content 


@ Subject-classified annotated references for clipping and pasting on standard 3 x 5 file cards 


Testing 
Systems 

Instruments and Test Equipment 
Applications 


Your Classification 


Radio Noise Measurement 


Conducted and radiated interference measurements, instru 
ment characteristics and response standards are reported for 
i series of radio noise meters 


Boonton, N. J 


H. J. Tyzzer, Ferris Instrument Co., 


Electrical Manufacturing 


Components, Electrical Electronic 
Magnetic Components 


Your Classification: 


A Low-Level, High-Accuracy, 
D-C Magnetic Amplifier 


A description of the design and operation of a magneti 
amplifier for measuring—accurately and reliably—d-c signal 
voltages from transducers such as thermocouples, strain gages. 
etc 


Blas A. Mazzeo, The Airpax Products Co., Fort Lauderdale 
Florida 
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Design Considerations 
Materials Selection Factors 
Production and Assembly Techniques 
Embedded Circuits and Components 


Your Classification: 


Plastics In Synchro Housing 
Design and Production 


Case history of development of cast-epoxy plastics-housed 
synchro. Included are basic concepts of such a design, mate 
rials used, and casting methods employed. Basic production 
problems are discussed, plus assembly and test methods 


4. S. Weiss. American Machine & Foundry Co.. 
Conn. 


Greenwich, 


Electrical Manufacturing 1958 November p 145 5 pp 
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Components, Electrical /Electronic Your Classification 


Wire and Cable 


Special-Purpose Flexible Cords 


In addition to the numerous commonly known uses for flexible 
cordage (wire and cable), these components increasingly 
are required to fill important functions in equipment required 
to operate under severe environmental conditions. This article 
tabulates properties of materials of construction and cites 
special designs and typical case histories. 


John Dixon, Cornish Wire Co., Williamstown, Mass. 
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Design Considerations 
Thermal Design Factors 
Nuclear Radiation Effects 
Components, Electrical /Electronic 
Materials, Electrical /Electronic 


Your Classification 


Electronic Materials and Components 
for Extreme Environmental Problems 


Extreme environmental conditions, particularly ultrahigh 
temperatures in excess of 500 C and/or nuclear radiation. 
are encountered in electronic systems for supersonic aircraft 
and missiles, submarines, and certain military ground equip 
ment. The ability of commercially available materials and 
components to withstand these environments is compre 
hensively surveyed and tabulated. Problem areas are analyzed 


A. E. Javitz and P. G. Jacobs, Electrical Manufacturing. New 
York, N. Y. 
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Components, Electrical /Electronic Your Classification 


Wiring Devices 
Design Considerations 
Reliability 


Reliable Electrical 
Connections Conference 


A feature of the third EIA Conference on Reliable Electrical 
Connections will be the ‘absence of the formal presentation 
of papers. The papers have been published in advance and 
will only be discussed at the meeting. Six of the papers are 
abstracted here. 


Staff Report 


Electrical Manufacturing 1958 November p 151 | pp 





“straight through” 
dual-sweep 
ventilation eliminates 
“hot spots” 


full height 
end head 
protection 


Mylar* 
insulation 
increases motor 


life 


bearings easily 
inspected by 
removing cover 
plate 


permanently 
numbered leads 
simplify installation 
and maintenance 


*DuPont registered trademark 


~ RaM Re-Rated Series 254U 
All-Weather Motors 


R&M Series 254U Motors help pay their own way from the minute 
you flip the switch! They stoutly resist any hostile environment — 
moisture, dirt, heat, acid or alkaline fumes— and so live longer. 
They have push-pull ventilation that won’t let dirt settle and keeps 
motor internally cool—and so perform with full, brisk efficiency. 
Their oversize bearings are quick and easy to inspect and relubri- 
cate—so your maintenance costs dwindle. 

This long, trouble-free, vigorous motor life is what R&M means 
by “Premium Performance’—an extra reward in service and 
savings every R&M motor offers. These and other big, money- 
saving advantages shown at left cost no more,..R&M motors 
carry standard motor prices! 


Write today for R&M Bulletin 520-EM! 


Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING £ MYERS, wc. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
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Research 
Horizons 


Space Technology 
Research Frontiers 


\n excellent idea of the extent and 
scope of space technology research is 
given in the following summary of the 
facilities of the Space En- 
vironmental Laboratory 
of the Republic Aviation Corporation. 


The laboratory is being established to 


projected 
Development 


~upport the company’s new $35-million 
research program: 
@ Re-Entry 


namics. 


fe rody 


facilities are 


Simulation and 


Two basic 
planned: a plasma jet system capable 
of providing continuous temperatures 
27.000 F to simulate 
temperature conditions: and a 
tunnel capable of over 18.000 I 
peratures and Mach 20 and up speeds 


up to re-entry 
wind 


tem- 


to support studies of hypersonic shock 
real effects 
transfer problems. Also, provisions for 


dynamics, gas and heat 
the study of magnetohydrodynamics by 
controlling flow fields (and the accom- 
panying temperature fields) of ionized 
vas in motion. Future expansion: over- 
Mach 25 helium blow-down tunnel and 
shock tube capable of measuring ra- 
diation, emissivity. electron density. 
ind signal propagation through ionized 
gases. 

e Materials 
function will be to obtain metallurgical 
and materials data under ex- 
treme Plans call for an 


optics facility, more chemical equip- 


Development. Primary 
other 
conditions. 
ment for fuel problem study, and a 
radiation laboratory. 
e Electronics Development. Objective 
is to evaluate, select and integrate the 
highly specialized and complex elec- 
tronic systems under development fot 
advanced aircraft, missiles and space- 
craft. Work will include development 
of suitable power supply systems and 
the integration, adaptation, 
turization and combination of sub- 
systems and components. Eventually. 
this laboratory will be capable of 
developing specialized digital and ana- 
log computing and 
communications and 
ment for the investigation of 
problems. 
e Guidance and Control Systems De- 
velopment. Facilities will be used to 


minia- 


systems special 
equip- 


radar 


systems 
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aids for ship 
test inertial 


systems components and concepts; and 


develop optical space 


vuidance; to guidance 
infrared 
naissance systems and concepts. 
@ Advanced Fluid Develop- 


ment. Laboratory com- 


to study optical and recon- 
Systems 
will conduct 
ponent developments in such areas as: 
and_high-pres- 


sure hydraulic systems. 


1. High-temperature 


Fluids and sealing elements for 


all types of advanced fluid svs- 
tems. 

Liquid and gas systems for use in 
rockets. missiles, etc. 


Future facilities will provide for the 


High-Temperature Ceramic Research: 
Sixty-ton capacity hot press at the 
Westinghouse Research Laboratory used 
for ceramics development work, includ- 
ing high-temperature oxides and _ inter- 
metallics. Press handles forming and 
sintering simultaneously. Other equip- 
ment includes a 40-kw power supply and 
a vacuum furnace. Ceramics are being 
sought to meet a wide spectrum of re- 
quirements, such as flexibility at —60 C 
or adequate strength at +2000 C. Applica- 
tion areas include infrared transmission 
glasses and thermoelectric generator ma- 
terials. 


development and testing of equipment 
at temperatures ranging from 300 deg 
1500 F. Also the 
effect of high radiation doses will be 
measured and studied. 

© Manufacturing Research and Devel- 
opment. and de- 
are planned to 
discover new materials and structural 
arrangements capable of withstanding 
flight. Manufacturing as- 
pect of these materials will be studied. 
State-of-the-art will be 
ducted. For example, thorough screen- 
ing and investigation will be made of 
such 
molybdenum, 


below zero to over 


Intensive research 


velopment activities 


hypersonic 


studies con- 


beryllium. 
ceramics. 
and_oth- 
will deter- 
and physical 
with manufac- 
and construction 


materials as 
super-alloys, 
combinations. 


new 


ceramic-metal 
investigations 
mechanical 


ers. These 
mine the 
properties together 
turing techniques 


methods. 


Uranium Alloy 
Superconductors 
research at the 
Research 
four 


Cryogenic 


Westing- 


house Laboratories has un- 


covered new superconducting 
intermetallic uranium compounds con- 
cobalt, and _ iron. 
According to Westinghouse scientists. 
these are the first 
known to contain manganese and iron. 
Previously, it had been believed that 
the presence of 


taining manganese 


semiconductors 
elements 


inhibited the phenomena of supercon- 
ductivity at 


these two 


cryogenic temperatures 
459 F). 

Despite the extensive research in the 
metallurgy of uranium, there has been 
only a comparatively limited study of 
the electrical properties of this metal. 
Uranium intermetallic compounds as 
superconductors are believed to have 
potential significance in many electri- 
cal and electronic devices, such as ex- 
tremely small 
airborne computers. 

The measurements of electrical re- 
sistance at the Westinghouse Research 
Laboratories on uranium alloys were 
first made on uranium-molybdenum and 
uranium-niobium. The latter were sta- 
bilized in crystal structure by being 
1650 F for 24 hr and 


close to absolute zero | 


switching devices in 


subjected to 


9 





Research 
Horizons 





then were rapidly quenched in water. 
Under decreasing temperature the elec- 
trical resistance grew progressively 
greater but at one or two degrees 
above absolute zero a sharp reversal 
took place and the became 
superconductors. 


alloys 


Research Note 


Epoxy-Silicones 

Developed 

New family of polymers, described as 
epoxyorganosiloaxanes, has been an- 
nounced by Dow Corning Chemical 
Company. One of the potential appli- 
cations is in casting resins for encap- 
sulation and embedment of electronic 
components. Low viscosity and _ stabil- 
ity are the two outstanding character- 
istics. In a paper before the recent 
134th National Meeting of the Ameri- 
can Chemical Society, Dow Corning 
chemists reported that single-molecule 
combinations are possible between any 
type of the epoxies and a wide variety 
of silicones. 


Corrosion Study of Several Aluminum-iron Alloys 
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Instantaneous corrosion rates (IPY) vs exposure time in 20 per cent brine salt spray 
for Al-Fe alloys with 9 to 16.5 per cent Al. 
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Other potential uses include: 

1. reactants to increase heat stabil- 
ity of phenolics and other resins; 

2. modifiers for silicone resins to 
improve adhesion and strength; and 

3. finishes for reinforced plastics 
and glass fibers to improve certain 
physical properties. 

It is understood that commercial 
processes have already been developed 


Luminescent Glass 

for CRT Faces 

Luminescent glasses are being invest) 
gated at the Naval Research Labora 
tory for possible application to cath 


VACUUM MELTING AND OTHER new process- 
ing techniques have reawakened interest in 
materials that formerly were difficult to 
fabricate. Aluminum-iron alloys fall into 
this category of known, but neglected, ma 
terials. The aluminum-irons were investi 
gated for magnetic applications at the turn 
of the century but were discarded in favor 
of the silicon-iron alloys which were sim 
pler to fabricate and less expensive. 

Some of the advantages of aluminum 
irons over the silicon irons for magnetic 
applications are as follows: 

e The ductility of aluminum-iron alloys 
is superior to that of the silicon-irons over 
a wide composition range. 

e The aluminum-irons can be used with 
up to 17 per cent aluminum. (The alloy 
system becomes nonmagnetic at approxi- 
mately 18 per cent aluminum.) The high 
resistivity of the 17 per cent aluminum al 
loy (160 yw-ohm centimeters) when com 
pared to the maximum resistivity (80-90 
u-ohm centimeters) of commercially work 
able silicon-iron alloys (up to 7 per cent 
Si) will lead to lower eddy-current losses. 
e@ Because the combination of good mag 
netic and mechanical properties has led to 
renewed interest in aluminum-iron alloys, 
the corrosion resistance of a series of these 
alloys was investigated. Test conditions 
called for 600 hr exposure both to a 20 
per cent salt spray and 100 per cent RH. 
The following conclusions were reached: 

1. The oxide formed on aluminum-iron 
spalls off, probably after some critical thick 
ness is reached. A similar phenomenon is 
noted with silicon-iron alloys. 

2. Once the oxide spalls off, a new film 
immediately begins to form which will, in 
turn, spall off. The corrosion rate reaches 
a maximum, falls off very rapidly, then 
begins to increase again in all cases. 

3. It was found that the higher-alumi 
num-content alloys, that is, those alloys 
ranging from 9 to 16.5 per cent aluminum, 
did not exhibit the high instantaneous cor 
rosion rates noted for the lower aluminum 
iron alloys (those within the range 1 to 8 
per cent aluminum). 

4. The instantaneous corrosion rates for 
the 9 to 16.5 per cent alloys are shown in 
the accompanying graph. 

DON PECKNER 

Vaterials Engineering Department 
WestINGHOUSE ELectric CORPORATION 
East Pittsburgh, Pennsylvania 
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wm Research Note «#0: 


THE STRENGTH LEVEL of high alloy steel 
demanded by industry has steadily in- 
creased to a point where present methods 
of producing high strength in steels ap- 
pears inadequate. By means of a new 
hardening technique, steels can now be 
processed to tensile strengths of 400,000 
psi with adequate ductility. 


e This new hardening technique, appli- 
cable to most steels of high hardenability, 
consists of plastically deforming metastable 
austenitic carbon steels at a subcritical 
temperature. At such temperature the 
austenite is relatively stable and the de- 
formed austenite is subsequently trans- 
formed to a martensitic product. 


e@ Several suggestions have been advanced 
for the mechanisms operative in this new 
hardening process. These include decreased 
martensitic grain size, residual stress, in- 
creased dislocation density and very fine 
carbide precipitation. The relative impor- 
tance of each of these possible strengthen- 
ing mechanisms and their interrelationships 
are in the process of undergoing closer 
scrutiny at the present time. 


e A study of this new process has been 
made by the Ford Scientific Laboratory. 
The isothermal transformations of the high 
alloy steels employed in this investigation 
are characterized by a separation of the 
pearlite and bainite transformation bands. 
Between these two bands is a region or 
“bay” where austenite is relatively stable 
for long periods of time. The deformation 
accomplished at temperature was limited 
to the bainite range and the bay area. 


e To initially explore the effects of de- 








Ultrahigh-Strength Steel 


formation and temperature on the final 
microstructure and hardness of the mate- 
rial, wedges 5 in. long, varying in thick- 
ness along their length from 0.125 to 0.250 
in., were marked with a notch every half 
inch. These were austenitized at 1600 F 
and deformed by rolling at various temper- 
atures. In this manner the amount of 
deformation, as measured by the reduction 
of cross-sectional area, was varied uni- 
formly along the length of the wedge. 


e@ The variation of hardness with deforma- 
tion after rolling wedges of alloy 802 
(0.28 per cent C) at 600 F and 1000 F 
showed an increase in hardness with de- 
formation at both temperatures, reaching 
a maximum near 30 per cent deformation. 
Beyond this amount of deformation, the 
hardness of the wedge rolled at the 
lower temperature decreased since bainite 
was formed, while the hardness of the 
wedge rolled in the bay region remained 
high. 


e@ Results of this investigation may be 
summarized as follows: 

1. The critical amount of deformation 
required for a significant increase in me- 
chanical properties is of the order of 25 
per cent reduction of area. The first 25 per 
cent deformation is highly effective with 
greater amounts of deformations becoming 
diminishingly beneficial. Deformations as 
high as 75 per cent did, however, continue 
to improve mechanical properties. 

2. The bay area, or region between the 
pearlite and bainite transformation bands, 
is convenient for accomplishing large 
amounts of deformation without the forma- 
tion of isothermal decomposition products. 
Lesser degrees of deformation may be 





ode-ray tube faces. Heretofore, such 
applications were not considered fea- 
sible since these glasses do not glow 
readily under electron bombardment. 

Important feature of glass CRT 
screens is the fact that they are grain- 
less and therefore (like transparent 
phosphor films) exhibit excellent res- 
olution and contrast. Activated high- 
silica glass has been found to provide 
the most efficient screens. Porous 96 
per cent silica glass is impregnated 
with solutions of the activating ions 
(cerium, manganese, samarium, or cop- 
per). The samples are then dried and 
fired to about 1200 C. Cerium-activated 
glass luminesces blue; manganese, 
yellow; copper, green; and samarium, 
red. 

Another area of investigation is in 
the use of these glasses as substitutes 
for scintillating crystals. Glass can be 
easily and economically molded. An 
alkali boro-alumino-silicate glass acti- 
vated by cerium appears to be the 
most efficient scintillating glass. It is 
sensitive to both gamma rays and 
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obtained at other temperatures, although 
time then becomes a critical variable. 

3. Substantial increases in ultimate ten- 
sile strength and elongation were noted at 
low tempering temperatures. Ultimate ten- 
sile strengths in excess of 400,000 psi, with 
excellent ductility, were obtained on highly 
deformed medium carbon alloy steels. Con- 
sistent with the increases in ultimate ten- 
sile strength, the hardness of the deformed 
material was substantially increased over 
that of the undeformed material. An in- 
crease in hardness of 2 to 4 Rockwell 
“C” units was observed for material de- 
formed in excess of 25 per cent. The 
yield strength was also increased by defor- 
mation although more scatter in the results 
was evident at low tempering temperatures. 

4. Higher tempering temperatures de- 
creased the ultimate tensile strength of the 
steels rapidly, while increasing the yield 
strength at a lesser rate. Tempering tem- 
peratures in the range of 500 to 600 F 
appeared to be the optimum for the steels 
employed in this study. At the optimum 
tempering temperature, yield-to-tensile 
strength ratios were over 0.9. Higher tem- 
pering temperatures also were effective in 
reducing scatter in elongation data, and in 
considerably improving the ductility as 
measured by reduction of area. 

5. An optimum carbon content of 0.40 
per cent was established for the particular 
processing technique employed. This steel 
exhibited the highest yield strength with 
good ductility for all the carbon contents 
investigated, ranging from 0.28 to 0.52 per 
cent. 

D. J. SCHMATZ and V. F. ZACKAY 
Ford Scientific Laboratory 

Forp Motor Company 

Dearborn, Michigan 


More Research Notes on next page— 


neutrons. Possible application: photo- 
tubes in which the end window is the 
scintillator itself. 


Nuclear Science 
Education in France 


A nation-wide integrated plan for 
training and education in_ nuclear 
sciences and engineering has _ been 
initiated in France under the direction 
of the newly organized “Institute 
National des Sciences et Techniques 
Nucléaires (I.N.S.T.N.).” The program 
calls for the development of specialists 
at all levels, from technicians to re- 
search scientists. The Institute has been 
commissioned to attain the following 
specific objectives: 

1. Highly specialized instruction in 
this field at the college and university 
level. 

2. Continuous collaboration be- 
tween universities, colleges, secondary 
schools and scientific institutions on 
one hand and the “Commissariat de 
(Energie Atomique” (Board of Atomic 
Energy) on the other. 


3. Cooperation in training, educa- 
tion and research between research 
organizations and industry. Curricula 
have been organized for classes in 
various phases of this field. 


International Dictionary 
for Plastics Technology 
International research as well as com- 
mercial activities in the field of plastics 


will be greatly helped by a tri- 
language dictionary sponsored by the 
Technical Committee on Plastics (TC 
61) of the International Standards 
Organization. Shortly to be published 
through the ISO General Secretariat 
in Geneva, Switzerland, the dictionary 
will contain 872 terms relating to 
plastics technology in English, French 
and Russian. The American Standards 
Association serves as the Secretariat 
for the international plastics commit- 
tee. Copies of the dictionary, when 
published, will be obtainable through 
the ASA offices in New York City. 


—A. E. . 





Research Note 


International 


Meeting of 
Com- 


1958 Annual 
Electrotechnical 


INCLUDED IN THE 
the International 
mission held in Sweden was a meeting of 
the Technical Committee 40 Subcommittee 
6, charged with the problem of developing 
international standards on parts made from 
ferromagnetic The author of this 
report participated as a Swedish delegate. 


oxides. 


e Three documents issued by the 


IEC secretariat: 


were 


1. General Classification of Ferromag- 
Oxide Material and Explanation of 
Terms. 


2. Draft Specification for Cores of Ferro- 


netic 


Oxides for Memories. 
for 
Oxides for 


magnetic 
3. Draft 
Cores of Ferromagnetic 


Transformer 


Tele- 


Specihcation 


communication. 


@ In the first document an 


made to define the different magnetic prop- 


attempt was 


erties used in theory and practice and to 
give relations between them. The topics also 
included nomenclature questions and stand- 
ardization of symbols. It is of particular 
interest to note that during the last few 
years intense research on ferrites in micro- 
wave applications has been reflected in a 
number of proposals by the U.S.A., the 
Netherlands and Sweden to consider defi- 
nitions of quantities such as tensor perme 


Research Note 


ability, gyromagnetic resonance phenomena 
and materials (ferrites) for use in para- 
metric amplifiers, harmonic generators, etc. 


e@ The discussions revealed that the neces 
sity for using rationalized systems of units 
such as the MKS or Giorgi system is now 
recognized by those working in the field. 
The frequent possibilities for misinterpre 
tation of formulae were repeatedly demon 
strated during the session. Similarly dem 
onstrated was the diffi ulty of interrelating 
diverse properties when the cgs system is 


used. 


eA problem of considerable interest is 
the standardization of dimensions. A work- 
established to work 
proposals on this subject in the near future. 


e The document No. 2 on 
data thoroughly 
cussed. Although the opinions of the dele- 


ing group was out 


secretariat’s 
storage devices was dis- 
gates differed considerably on several of 
the urgent 
standardization in this field was stressed 
by numerous speakers. A document entitled 
Measur- 
of Ferromagneti 


will be 


proposals, the demand for 


“Recommendations of Terms and 
ing Methods for 
Oxides for Data Storage Devices” 


Cores 


issued for consideration. 


e@ Opinions on the draft specifications for 


transformer cores (the secretariat’s docu 


A Transient Radiation Effects Monitoring 


WARFARE, there are 
many tactical situations under which elec- 
tronic 
amounts of 
mechanically damaged by 
thermal effects. Many 
siles) must continue to operate throughout 
the radiation pulse of a nuclear explosion. 
Accordingly, a program has been estab- 
lished at the U. S. Army Signal Research 
and Development Laboratory to study the 
effects of pulse nuclear radiation on oper 
electronic parts and materials. 


IN MODERN ATOMK 


systems may receive sizeable 
yet not be 
blast 


(i.e., 


radiation 
the 
systems 


nuclear 
and 
mis- 


ating 


e The first phase of this program has 
consisted of the development of a transient 
radiation effects monitoring This 
system employs multi-channel high speed 
magnetic tape recorders which can be used 
to record changes in the parameters of 
parts such as capacitors, resistors, relays 
and during short neutron 
pulses. 


system. 


diodes very 


e@ This electronic system consists of 
small txansducer (purely electrical) cir- 
cuits which convert the component param- 
eter to an analog of the component 
(voltage change, capacitance 
change, etc.) which in turn is impressed 
on a frequency deviation oscillator. Es- 
sentially, the property analog modulates 
the FM oscillator. The varying frequency 


property 


12 


of the oscillator representing — the 
parameter change is then fed to a wide 
band-pass amplifier and recorded on mag- 
netic tape with bias applied to all channels. 
The tape recorders employed were high 
drive being 30 in. 
allowing an upper reading limit frequency 
of 50 ke. The FM de- 
signed to respond to their 


cycles 


now 


speed (capstan /sec) 


oscillators were 
changes in 
to 2 


of the oscillator’s normal resting or center 


resting frequency within 1] 


frequency. 


e The accompanying block diagran 


Electronic parts 


exposed to radiat 


Standards on Ferromagnetic Devices 


ment No. 3) likewise controversial, 
particularly concerning the form of the doc- 
ument. The main problem was whether a 


series of 


were 


comprehensive document or a 
minor notifications should be issued, It was 
decided that it 
value to circulate a questionnaire, so as 
this 
Committees. 


would presumably be of 


more comments on matte! 


National 


to obtain 
from various 
final dis- 
tempera- 


after a 
that is, 


e The meeting closed 


cussion on “variability,” 
dissociation and in- 

the difficulties in 
definitions, the final 
decision was that irreversible temperature 
effects should be further considered be 
fore their inclusion in the systematic classi- 


ture dependence, 
stability. 


formulating 


Because of 


relevant 


fication. 


e The total number of delegates was 30, 
representing 13 countries. It is interesting 
that had 
countries such as Czechoslovakia, Hungary 
and the U.S.S.R. The U.S. delegation was 
led by J. L. Dalke of the National Bureau 


of Standards, Boulder, ¢ olorado. 


to note delegates been sent by 


P. E. LJUNG 
RESEARCH INSTITUTE 

or NATIONAL DEFENS! 
Stoc kholm, Sweden 


System 


complete system as it was used 
New Mexico, 


were exposed to 


shows the 
at Los 
tronk 


Ww here elec 
the 80 


microsec neutron pulse of the Godiva reac- 


Alamos, 
parts 


tor. The power supply and the control and 
monitoring units supported the above de- 
scribed data recording system. The system 
performed in accordance with the original 
design expectation. 


A. L. LONG and W. M. MANNEI 
U. S. Army SIGNAL RESEARCH AND 
DEVELOPMENT LABORATORY 

Fort Monmouth, N.J. 
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multi-channe 
magnetic 


Frequency . 
mod 
oscillators 


tope 


recorders 


ated 


Monitoring 


equipment 


ELECTRICAL MANUFACTURING 





TO MAKE YOUR EQUIPMENT sesatse8, 52 


REVOLUTIONARY TRANSISTOR* TRANSFORMERS, HERMETIC TO MIL-T-27A 


Conventional miniaturized transistor transformers have inherently poor electrical character- 
istics, perform with insufficient reliability and are woefully inadequate for many applications. 
The radical design of the new UTC DO-T and DI-T transistor transformers provides unprece- 
dented power handling capacity and reliability, coupled with extremely small size. 


High Power Rating .. up to 100 times 
TYPICAL DG-T PERFORMANCE CURVES D O - 1 greater. 


Power curves based on setting output power at 1 KC, Excellent Response... twice as good 
then maintaining same input level over frequency range. : 








Low Distortion reduced 80% 
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Ue snaven. te High Efficiency... up to 30% bette 
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u \ oisture Proo rermetic to 
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Rugged... completely cased 

















EL cca a Anchored Leads... will stand 10 Ib + ti oh 1 
| DO-T2 {ve Dia. x '%2, “io O2. pull, plastic leads for printed circuits is Dia. x ‘4, ‘20 Oz. 


500R 3MA0C 
OAD. 508 ' 


To fully appreciate DO-T transistor transformers, the curves indicate their performance compared to that of 
similar size units now on the market. DI-T transformers are still smaller in size. Power rating and other 

_— characteristics are identical to DO-T, but low frequency response (3 db down point) is 30% higher in frequency 

FREQUENCY-CYCLES PER SECOND Units can be used for different impedances than those shown, keeping in mind that impedance ratio is constant 
DO-T3 Lower source impedance will improve response and level ratings ... higher source will reduce them. Units may 


gg lr ee be used reversed, input to secondary 


OTHER MFR. - | MW 


% 


co) 


DO-T MIL Application Pri. r: Sec. Pri. Level DI-T 
No. Type imp. , imp. Res. Mw. No. 
DO-T1 TF4RX13YY interstage 20,000 800 850 50 
30,000 1200 
FREQUENCY —CYCLES PER SECOND DO-T2  TF4RX17YY Output 500 50 60 100 
600 60 
“TITT 7 a . ee ee 
wooww | | | |00T4 DOTS | DO-T3 TF4RX13YY Output 1000 50 115 100 
——}- SOURCE: 600g 3MA 12008 2mA- 1200 60 
|} LOAD 3.28 | 
so eae FR TF4RX17¥¥ Output 600 32 60 100 
ew, Pe ean TF4RX13YY Output 1200 3.2 115 100 
ft : TF4RX13YY Output 10,000 3.2 1000 100 
TF4RX16YY Input 200,000 0 1000 8500 zk 
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KHIR wlew!) wul ow 








300 $00 ‘ 2 sw a 
FREQUENCY—CYCLES PER SECOND e - - x TF4RX20YY Reactor 3.5 Hys. @ 2 Ma. DC, 1 Hy @ 5 Ma. DC (DI-T8 is 2.5 Hy @ 2 Ma.) 630 
~ TF4RX13YY Output or driver 10,000 1 500 CT 800 100 
12,500 600 CT 
1200 CT 800 
1500 CT 
2000 CT 800 
_2500 CT 
12 ll 500 
16 
12 20 500 
16 
12 43 500 
16 - 
12 500 

















1] i | Oe ea Ne 
1 PS. 5 aR sua D0-T10 TF4RX13YY Driver 10,000 
a a ‘i 12,500 
00-111 TF4RX13YY Driver 10,000 
ia 12,000 
. Hi 00-T12 TF4RX17YY Single or PP output 150 CT 
eee oi | 200 CT 


200 300 300 iw 2u 
oA, 00-T13.-~*TF4RXI7YY Single or PP output 300 CT 
































- 7 My pot2 00-114. ~+~=TF4RX17YY Single or PP output 600 cr ‘ 
TTT SOURCE. 5002 3MA — es 800 C 


— Tr 

— er ia D0-T16 TF4RX13YY Single or PP output 1000 CT 3. 

74——OTHER MFR. | | 1330 CT 3. 
a. a ee 00-117 TF4RX13YY Single or PP output 1500 CT 

200 300 800 rm aM 2000 CT 

FREQUENCY—CYCLES PER SECOND 














1 
l 
F 
1 
— 
0 
7 
7 
5 
Loan’ 50a 00-115 TFARXIL7YY Single or PP output 800 CT 4 
1070 CT 4 16 
5 
5 
3 
3 
1 
1 
7 
5 
4 
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12 500 
16 


12 500 
16 


12 500 
16 


600 

600 500 
600 500 
600 

800 CT 





























D0-T18 TF4RX13YY Single or PP output 7500 CT 





ae 10,000 CT 
00-119 TF4RX1L7YY Output to line 300 CT 
00-120 TF4RX17YY Output or matching to line 500 CT 5. 























= D0-T21 _TF4RX17YY Output to line 900 CT 
, TF4RX13YY Output to line 1500 CT 
00-123 TF4RX13YY interstage 20,000 CT 
ii 30,000 CT 1200 CT 
00-124 TF4RX16YY input (usable for 200,000 CT 0 1000 CT 8500 
~ naan an I chopper service) 

00-125 TF4RX13YY interstage 10,000 CT 1 1500 CT 800 
ae Oe om OKeeR O— 12,000 CT 1 1800 CT 
00-126 _TFARX20YY Reactor 6 Hy. @ 2 Ma. DC, 1.5 Hy. @ 5 Ma. OC 2100 
DO-T27 TF4RX20YY Reactor 1.25 Hy. @ 2 Ma. DC, .5 Hy. @ 11 Ma. OC 100 
00-TSH Drawn Hipermalloy shield and cover for DO-T’s, provides 25 to 30 db shielding. 

7 —s {DCMA shown is for single ended useage (under 5% distortion—l00MW—IKC) .. . for push pull, DCMA can be _ 
FREQUENCY-CYCLES PER SECOND any balanced value taken by .5W transistors (under 5% distortion—SOOMW—1KC) 
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DO-T units have been designed for transistor application 
ly... not for vacuum tube service. Patents Pending 


SPECIAL UNITS AVAILABLE 
TO YOUR SPECIFICATIONS. 





ACTUAL 
SIZE 


\ 


transformer 
miniaturization 
simplified 


micro-miniature 


potcores 


Made of Ferroxcube 3C material, the 
No. 332P133-3C potcore by FXC is 
less than 34” in diameter and success- 
fully eliminates pulse transformer 
problems created by limitations of 
weight and space. The coils for this 
potcore are wound on a specially de- 
signed nylon bobbin. The shape of the 
potcore, combined with the high-per- 
meability material surrounding the 
windings, gives excellent shielding 
and effectively minimizes stray fields. 
The potcores can be placed close to- 
gether or even stacked, with negli- 
gible coupling between coils. 


A 


ox0—| 


332P133-3C POTCORE 


332F175 BOBBIN 
Ask the 


Ferrite Man ferroxcube 


trom FXC CORPORATION OF AMERICA 
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Pius or Minus 


Random Comments of the Editors and Readers 


Patents 


From Edward Bretch of St. Louis, 
Mo., we have the following: “In your 
September issue, the article ‘Patents 
Lag Research Progress’ states that 
the U. S. patent system is not ful- 
filling its constitutional purpose of pro- 
moting science and useful arts. Accord- 
ing to the Constitution, a patent is a 
grant to an individual as an incentive 
to promote science and not a grant to 
a business organization to promote its 
interests. However, it is now used more 
business interests than 
science and the useful 
common practice to re- 


for promoting 
for promoting 
arts. It is now 
quire the individual to assign to the 
business organization, as a condition of 
employment, all of his individual rights 
under the patent system. When the 
business organization is substituted for 
the individual as the beneficiary, the 
incentives to promote science and useful 
arts are eliminated. It is felt that the 
patent system is not outmoded but has 
been misused. If it is to operate accord- 
ing to its constitutional purpose, the 
individual rather than the business or- 
ganization should be its primary bene- 
ficiary.” 


Correction 


In the article “Non-Linear Transistor 


| Compensation in High-Gain Servo” in 


the September issue (p 86) there 
occurred an unfortunate transposition 
of illustrative data curves. Figures 
8 and 9 should be corrected to 
appear as below. 


03 — <a 


shown 


























Fig. 8—Variation of /.. with temperature for typical transistor 




















Fig. 9—Compensation for amplified leakage current using 


diode 


Model of the Month 


In New York. at the Hayden Plane 
tarium, there was on display recently a 
collection of space ship models ranging 
in size from a few inches to six feet and 
in various shapes. One of these, built 
by the Republic Aviation Corp., was 
said by one of its originators to be so 
feasible in design that it was already 
almost outmoded. 

There may be an idea here for creat 
ing a virtual Utopia for the more in 
spired designers and stylists who find 
the real and physical world too slow- 
moving and at times even crassly un 
appreciative of their visions. The Detroit 
creators of finny chariots, their col- 
leagues in Europe who spawn form 
fitting automotive tumblebugs and non- 
form-fitting fashions, and in 
general all seers of visions could be 
completely unchained by the simple ex 
pedient of letting them produce models 

-but only models. These could then be 
displayed and promoted on an all-out 
basis at fairs, exhibitions and in store 
windows. On a more prosaic level. 
products for actual use and _ service 
could be made available. Blossoming 
unseen, would luxuriate in an 
atmosphere free of promotion and 
build-up. 

There is no time to lose, though. We 
see clear indications that in the men’s 
wear department there is now a deter 
mined effort to make men as “style- 
conscious” as women, by the same ex- 
pedient of arbitrary seasonal devia- 
tions. If the proper junior executive of 
1958 looked like something freely 
adapted from the year 1890, then in 
1959 his trousers are to be cuffless and 
his jacket several sizes too small like 
a 1910 immigrant. Let’s keep the man- 
nequins and toys in the store windows 
Walking around the streets or let loose 
on the highways they are not nearly as 
funny. A.E.R. 


ladies’ 


these 


NC of SR for ISA 


The program planners of the Instru- 
ment Society of America are to be 
complimented for their perspicacity in 
choosing for the principal keynote 
speaker at their recent convention Dr. 
Norman Cousins, editor of the Satur 
day Review. Dr. Cousins, who speaks 
as fluently as he writes, made a lot of 
sense when he reminded the instrument 
engineers that America’s greatest con- 
tribution to world peace can be made. 
not through its war machinery, but 
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Fuse 
actual 
size 


FUSES 


Sub-miniatures— hermetically sealed 
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Designed to protect 


miniature devices and controls 


TRON fuses make it possible to have 
the fuse as an integral part of miniaturized 
circuits, controls, electronic devices, and 
electrical equipment. There is no need 


to sacrifice provide built-in 
protection. 

TRON fuses have such small physical 
dimensions that they can be easily in- 
corporated into miniaturized devices or 
components. 

The fuse element is hermetically sealed 
in a glass tube. Contact is made by pig-tail 
lead-in wires. 

TRON fuses are not affected by atmos- 
pheric or surrounding conditions because 
the hermetic seal protects the fuse element 
from contact with them. 

This means TRON fuses may be 
potted or encapsulated, if desired, without 
any danger of the potting or surrounding 
material affecting the operation of the fuse. 

Or TRON fuses can be installed any- 
where in the circuit as they are self-protect- 
ing and operate without exterior flash or 
venting. 

Likewise, TRON fuses may be teamed 


space to 


in one capsule or replaceable unit with such 
components as resistors — or anywhere 
that sensitive protection is desired. 


TRON fuses are made in two types. GLN 
TRON fuses, made to carry 100% load 
indefinitely and to open within 10 seconds 
at 200% load. Available in 1/20 to 1/2 
amperes. 

GLX TRON fuses made to carry 100% 
load indefinitely and to open within 10 
seconds at 150°% load. Available in 2/10 
to 5 amperes. 

Both GLN and GLX TRON fuses will 
operate properly on circuits of 125 volts or 
less capable of delivering 50 amperes or less. 
The fuse body measures .140 x .300 inches. 
Standard pig-tails are one inch long of 
No. 24 copper wire. 

When designing an electrical or elec- 
tronic circuit — where space is of impor- 
tance — consider the many advantages of 
TRON fuses. Send us the details of your 
requirements and our fuse engineers will 
gladly work with you. 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. 
University at Jefferson, St. Louis 7, Mo. 
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through its ideology and that engineers 

being given naturally to logical thought, 

: se can contribute greatly to this cause 

SMALLEST OF SMALL . (We realize our presumptuousness in 
’ ittempting to paraphrase his half-hour 

COMMUTATORS A ‘ speech in one sentence. For more de 
eee ‘ . tails, see Saturday Review, a magazine 

of ideas—we have to stick to the tech- 

nicalities. ) J.R.R 


Boola-Boola 


{ curious young fellow named Boole 
Was (probably) nobody’s fool 
George fiddled around 

And (logically) found 

4 new mathematical tool ANON 


! combined 68-page reprint of six 
ELECTRICAL MANUFACTURING articles on 
George's “new mathematical tool” is 
now available. For information on hou 
to order “Engineering Applications of 
Boolean Algebra” see page 266 of 
this issue. 
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Nippert miniatures open Mew *::sintte sian i tong 


make possible the article on “Tita 

nium—its Properties and Design Poten 

e efe,® ad tials” in our October issue thanks are 
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T ] Tiny, but tough! This Nippert edgments with the artick 
\ - y 


y | commutator is only 34” in diam- 
ae _—— . eter. We believe it is the smallest 
+ .010 commutator ever commercially 
+»  * fabricated of copper, steel and Stein 
ieee | mica. What’s more, it’s built ACE rica 
ff ON ARM | bs = | with watchmaker’s care. Vianufacturing 
ad 

















L_-2260 eeoacn This rugged miniature, with ma- 
ee chined dovetails, is produced by 
RECOMMENDED LIMIT AND SIZE Nippert’s exclusive techniques 
RANGE OF DIMENSIONS and custom machines that elim- 
. a c 7 inate the need for segment dies. 
1732" 156 1732" 17644 With Nippert’s advanced pro- 
1/64" to 1/32” | 187 | 1/64" to 1/32” | 1/64" duction methods, commutators 
1/64" to 1/32" | .218 | 1/64" 101/32" | 1/644 | are Precision-built to your exact 
1/64" to 1/32" | .250 | 1/64” to 1/32” | 1/64" requirements — yet produced 
economically in any quantity. 
Bars—Hard drawn copper, 25 oz. min. Sizes up to 4” 
silver per ton , 


Finish diameter on armature. . .360 . » _. ons F 
Minimum length of commutator segments... .156 Nippert’s flexibility of design 
Maximum length of commutator segments.. .250 ; ; % 
Standard Bore . . -126-.127 lets — build into your prod 
Maximum Bore os ee ucts the right speeds and toler- 
Minimum bore . 118 . : . 
Minimum bore tolerance .0007 ences essential to outstanding is 
Maximum number of segments 22 performance. Send us your ap- This Month’s Cover 
TEST: Bar to bar 110 volts plication specifications today . ** TI bst t iti tl 
Bar to ground 550 volts . . . 1e abstract composition on the cover 
ae “sia or write for information. : “ 
yg skew ay tion reflects the impact of supersonic speeds, 
Jf denotes Nippert machined surjaces — ultrahigh temperatures and nuclear ra- 
diation as extreme environments en- 
ciara countered by electronic systems operating 
in high-performance military vehicles 
and equipment. The 24page _ staff-re- 
searched report, “Electronic Materials 
and Components for Extreme Environ- 


ELECTRIC PRODUCTS CO mental Problems,” beginning on page 


odleibiniadis 111, presents a detailed review of the 
SLIP RINGS sania aan e0ted 1759 W. Mound St. * BRoadway 4-1116 problem areas and the state of the art 


DRAWN COPPER SHAPES Columbus 23, Ohio in this field. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by January |, 1959 


Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 168 


New Literature 


Latest catalog and bulletin offerings starting 
on page 270 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 294 





ADVERTISED PRODUCTS OR SERVICES 


NEW COMPONENTS NEW LITERATURE | REPRINTS 





101 128 155 182 209 236 263 | 290 317 344 371 398 425 
102 128 156 183 210 237 264 | 291 318 345 372 399 426 
103 130 157 184 211 238 265 | 282 319 346 373 400 427 
104 131 158 185 212 239 266 | 283 320 347 374 401 428 
105 132 159 186 213 240 267 | 294 321 348 375 402 429 
106 133 160 187 214 241 268 | 295 322 349 376 403 430 
107 134 161 188 215 242 269 | 296 323 350 377 404 431 
108 135 162 189 216 243 270 | 297 324 351 378 405 432 
109 136 163 190 217 244 271 | 298 325 352 379 406 433 
110 137 164 191 218 245 272 | 299 326 353 380 407 434 
111 138 165 192 219 246 273 | 300 327 354 381 408 435 
112 139 166 193 220 247 274 | 301 328 355 382 409 436 
113 140 167 194 221 248 275 | 302° 328 356 383 410 437 
114 141 #168 195 222 249 276 303 330 357 384 411 438 
115 142 169 196 223 250 277 | 304 331 358 385 412 439 


332 359 386 413 440 
333 360 387 414 441 
334 361 388 415 442 


116 143 170 197 224 251 278 
117 144 171 198 225 252 279 
188 226 253 280 
200 227 254 281 308 335 362 389 416 443 
201 228 255 282 | 308 336 363 390 417 444 
202 228 256 283 | 310 337 364 391 418 445 
122 149 176 203 230 257 264 | 311 338 365 382 419 446 
204 
205 
206 


ee 
4 


231 258 2865 | 312 339 366 383 420 447 
259 286 | 313 340 367 394 421 448 
233 260 287 | 314 341 368 395 422 449 








453 


455 


457 


459 


461 


462 
463 


ee 


467 


470 
471 
472 
473 
474 
475 





476 483 510 527 
477 494 511 528 
478 495 512 529 
478 496 513 530 


561 578 595 612 | 625 642 659 676 693 | 701 718 735 
562 579 596 613 | 626 643 660 677 694 | 702 719 736 
563 580 597 614 | 627 644 661 678 695 | 703 720 737 
564 561 598 615 | 628 645 662 679 696 | 704 721 738 
480 497 514 531 565 582 599 616 | 629 646 663 680 697 | 705 722 739 
481 498 515 532 566 583 600 617 | 630 647 664 681 698 | 706 723 740 
482 499 516 533 550 567 584 601 618 | 631 648 665 682 699 | 707 724 741 
483 500 517 534 551 568 585 602 619 | 632 649 666 683 700 | 708 725 742 


SESEEE 











484 501 518 535 552 569 586 603 620 | 633 650 667 684 709 726 743 
485 502 518 536 553 570 587 604 621 | 634 651 668 685 710 727 744 
486 503 520 537 554 571 588 605 622 | 635 652 669 686 711 728 745 
487 504 521 538 555 572 589 606 623 | 636 653 670 687 712 729 746 
488 505 522 539 556 573 590 607 624 | 637 654 671 688 713 730 747 
489 506 523 540 557 574 591 608 638 655 672 689 714 731 748 
490 507 524 541 558 575 592 609 639 656 673 690 715 732 749 
491 508 525 542 559 576 593 610 640 657 674 691 716 733 750 
492 508 526 543 560 577 594 611 641 658 675 692 717 734 751 














Individual 

Title Dept. or Div. 
Company 

geeilaemamneres City ; State 


Principal Product Manufactured _ 
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118 145 172 199 226 253 280 | 307 334 361 388 415 442 469 
119 146 173 200 227 254 281 | 308 335 362 389 416 443 470 th 
120 147 174 201 228 255 282 | 308 336 363 390 417 444 471 Individual 
121 148 175 202 229 256 283 310 337 264 391 418 445 472 
122 149 176 203 230 257 284 | 311 338 365 392 419 446 473 Title Dept. or Div. 
123 150 177 204 231 258 285 | 312 339 366 393 420 447 474 
124 151 178 205 232 259 286 | 313 340 367 394 421 448 475 Compeny 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising and 
editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to the 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by publisher 
if received by January |, 1959 


Inquiry Cards from any page in issue 





Advertised Products 
Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 
Reviews of new developments starting on 
page 168 


New Literature 


Latest catalog and bulletin offerings starting 
on page 270 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 294 
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E TRIGGER 


\D® Pafallel Confers withthe A-MP Pneumatic Tool. 


With every trip of the trigger, the A-MP Pneumatic Tool reduces termination 
costs for the Electric Products Company, Cleveland, manufacturer of motors, 
generators and battery chargers. 

Using the AMP compression crimp method, this company found that in one 
operation alone »< it cut installation time from three minutes to fifteen seconds 
effecting a savings of more than 25¢ per connection. And—because the A-MP 
connector and matched tool were designed as a quality control, precision team— 
Electric Products Company also obtained unvarying uniformity in every single 
connection made—and improved the quality of its circuitry attachments. 


You, too, can set your sights on lower wire termination costs with 
A-MP products. Write today for literature on the A-MP cost reduction method. 


_ wa 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


MP products and engineering assistance are available through subsidiary companies in: Canada * England « France ® Holland ¢ Japan 
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Gold-Plated Switch 


Bntrolled or self-interrupted 
on any d.c. voltage up to 


Standard base-metal contacts with double twin-contact 
Br with rectifier for 115 volts a.c. 


design are absolutely dependable in normal switching 
circuits. But in instrument reading and supervisory 
functions, where extremely low power must be handled 
reliably, precious-metal contacting provides: 


® accuracy at lowest potentials 


@ low and constant contact resistance for the life of 
the switch 


freedom from spurious potentials which can be set 
up by base-metal contacts 


That is why instrument engineers specify gold-plated 
contacts for thermocouple monitoring and other low- 
power-level circuits — strain gauges — computers — and 
infrequently operated devices. 





Precious-metal contacting costs more, of course. But 
with Automatic Electric’s custom designing, it is not as 
expensive as you might think; on either Type 44 or Type 
45 Switches, you can specify precious-metal contacts 
for instrument circuits only, with standard contacts 
handling the less critical circuits. 


For full information on the use of stepping switches— 
with or without precious-metal contacts—ask for Circu- 
lars 1641 and 1698. Write: Automatic Electric Sales Graph indicates resistances between terminals with gold- 
Corporation, Northlake, Illinois. Jn Canada: Automatic plated contacts. Measurements made under heavy vibration. 
Electric Sales (Canada) Ltd., Toronto. Offices in 


AUTOMATIC ELECTRIC 


Northlake, Illinois * Subsidiary of GENERAL TELEPHONE 
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20 YEARS OF SUCCESSFUL EXPERIENCE with ZAMAK alloy die 
castings have led Neptune Meter Company engineers to 
use 40 or more such parts in some models of their 
AUTO-STOP PRINT-O-METER REGISTER. 


This direct-reading register for liquid meters is a perfect 
example of complexity made simple by the use of 
pressure-cast zinc alloy. Notice the many as-cast features 
in these parts: bosses, studs, cored holes, lettering, 


~ HORSE HEAD® SPECIAL ZINC AND HORSE | 


JERSEY. 


NOVEMBER 1958 


strengthening ribs and even inserts of other materials 
cast in place. These parts are ready for assembly with a 
minimum of machining, and at a saving of production 
costs. 


These assembly advantages resulted from intelligent de- 
sign. They can be adapted for your products as well — 
along with the natural durability and corrosion resist- 
ance of HORSE HEAD® ZAMAK die casting alloys. 
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First polyester high-temperature 
magnet wire in full range of sizes 


— — SQUARE 


— — RECTANGULAR 


\natherm, Anaconda’s Class 155°C polyester film- 
coated magnet wire is now available in single, 
heavy, triple and quadruple grades of round wires 
(sizes 8 through 46) and in a full range of sizes of 
squares and rectangulars. This is the first time a 
complete range of sizes and shapes has been offered 
in this type wire. 

Fully tested for use at temperatures up to 155°C, 
Anatherm was also the first film-coated wire to meet 
the newly adopted AIEE 155°C (Class F) rating. 

Anatherm gives you greater thermal stability— 
plus excellent abrasion-resistance, chemical stabil- 
ity and dielectric strength. Thus Anatherm is ideally 


suited for manufacturers seeking maximum per- 


formance and reliability from smaller and smaller 
equipment operating at higher and higher tem- 
peratures. 

As a polyester magnet wire, Anatherm can be 
used equally successfully at any “hottest-spot” tem- 
peratures over the range of 105°C to 155°C. If 
youre on the spot about high-temperature magnet 


wire, ask the Man from Anaconda about Anatherm. 


Write for free Anatherm technical bulletin: 
Anaconda Wire & Cable Co., 
New York 4, New York. 


25 Broadway, 
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see THe man rreom ANACONDA 


MAGNET 


LIVE BETTER SS 


“Cormyce™ FOR ANATHERM WIRE 


FROM ANACONDA...THIS WIDE VARIETY OF TOP-QUALITY MAGNET WIRES— 


PLAIN — NYFORM (Class A 


low-c e wire high resistance to winding hazard 


EPOXY (Cio 


Gil-rounad compoatit 


ANALAC VITROTEX 





DOW CORNING 997 VARNISH 


... maximum reliability at all temperatures 


Designed for Class B temperature rise, the arma- 
ture and field coils of Westinghouse Life-Line 
H industrial DC motors are impregnated with 
Dow Corning 997 Varnish to assure 10 times 
longer insulation life than ordinary Class B 
under all temperature conditions. 


LIFE EXPECTANCY OF CLASS A AND 
SILICONE INSULATION SYSTEMS 
ve voor Silicone 
insulated 
(gless served 
++ wire)’ 








1 





| 
val | 
| 





Cless A Insulated! —» 








As reported » AIEE $3-207 
As reported in AIEE 54.266 
As reported i AIEE 49-237 

















100 150 200 
TEMPERATURE, °C 


A“ ae mi 


Bonding insulation components with Dow Corning 997 
Varnish increases the reliability and insulation life of 
electrical equipment. That’s because this silicone varnish 
withstands the heat of overloads and severe duty cycles. 
It’s unaffected by high ambients and many corrosive 
atmospheres that destroy other insulating materials. 
Performance-proved for continuous service in insulation 
systems operating at temperatures as high as 250C, 997 
Varnish has more than 50 times the dielectric life of the 
best Class B varnishes. 


Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
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Dow Corning Silicone Dielectrics 


MORE POWER PER POUND WITH 
SYLKYD ENAMELED MAGNET WIRE 


Performance-proved for 180 C insulation sys- 
tems, Sylkyd® enameled magnet wire allows 
a higher copper to iron ratio than fiber 
covered, high temperature wires ... is com- 
parable in diameter and handling properties 
to Class A film insulated wires . . . resists 
most chemicals, moisture, corona, dirt, other 
hazards. Write for illustrated new brochure. 


SILASTIC ENCAPSULATION 
INSULATES, SEALS, PROTECTS 


Parts molded of Silastic®, the Dow Corning 
silicone rubber, are ideal for insulating, 
sealing and cushioning electrical assem- 
blies. Whether molded in place or pre- 
formed, Silastic parts retain their shape 
and remain resilient from —90 to 250C. 
They also provide superior protection 
against moisture, vibration, ozone, corona 
and corrosive atmospheres. Molded parts 
are available from leading rubber com- 
panies, molding stocks from Dow Corning. 


Westinghouse current transformer features 
core-coil assembly encapsulated in Silastic. 


SILICONE GLASS LAMINATES 
REPEL MOISTURE, RESIST HEAT 


Electrical parts stamped from silicone-glass 
laminates exhibit over 100 times the mois- 
ture resistance of phenolics. Strong, rigid 
and lightweight, these laminated parts retain 
excellent arc resistance, low loss factor, and 
low moisture absorption after prolonged 
operation at 250C or intermittent opera- 
tion at even higher temperatures. Available 
from leading laminators. 


Terminal pin insulators on Mirro-Matic Percolator. 


For further information on these products, write Dept. 4511 
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E] MICRO SWITCH Precision Switches 


New Pushbutton Actuators accommodate 


all three types of basic pin plunger switches 


Provide low cost manual 
operation and excellent 
12MA1 Actuator panel appearance 


has %2-inch The new 12MA Actuators accommodate all 
button types of standard pin plunger basic switches 
with mounting holes on 1-inch centers... 
specifically the ‘‘A’’ or ‘‘Z”’ basics, the ‘*1TB”’ 
series and the ‘‘41TB”’ series. Because of this, 
1.50 DIA the actuators may be used with an extremely 
wide selection of circuit arrangements, oper- 
ating characteristics, terminals, and so on. 


The actuators are neat and attractive when 
installed, with plastic buttons in a choice of 
red, green or black, and with clear anodized 
12MAS Actuator | ie aluminum mounting bushings. The switch- 
has 1-Inch #H 7 mounting holes and the actuator-mounting 
mutton is, F holes are arranged to permit the use of panels 
from .060” to .312” thick. This also makes it 
easy to adjust the operating point of the 
switch assembly. 


12MA1 and 12MAS actuators 12MA1 and 12MAS actuators 
12MA1 (top) and 12MAS5 actuators with a Series “41TB” basic with a Series ‘‘1TB”’ basic switch 
with “‘standard” pin plunger basic switch which provides simulta- - ++ most often used for control- 
switch available in hundreds of neous control of four isolated ling two isolated circuits. 

variations. circuits. 








MICRO SWITCH . . . FREEPORT, ILLINOIS 
For information about the 12MA actuators, A division of Honeywell 


ask for data sheet 155. For information on In Canada, Honeywell Controls, Ltd., Toronto 17, Ontario 
basic switches, write for Catalog 62. 


————— H Honeywell 
mem’ | MICRO SWITCH PRECISION SWITCHES 
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MEMO TO THE ENGINEER/DESIGNER: 


Osk the people ot 
\ Electrical Industries! 


— BECAUSE 





Plug-in Type 
Multiple Headers 


knows glass- 
tordaal-s¢-|m-i-t- | te Sinaia 


Multiple Headers 


AS ONLY A SPECIALIST CAN! E-I has 
sealing experience you can use! Almost 
two decades devoted exclusively to the 
design, development and manufacture 
of glass-to-metal seals means you can 
depend on E-I for a practical solution Teneeieieetitioes 
to your hermetic sealing problems. end Stede Manes 
Available are a complete line of 
standard seals, facilities for the 
design and production of special 
ma "us service for - 
types ind custom ervice for Single Lead 
sealing components of your 
. : Terminals 
manufacture. Call or write for 
catalog or quotations, today. 


End Seals Including 
Threaded Types 








A Division of 
Philips 
Electronics, Inc. 


* Patented in Canada, No. 523,390; in United Kingdom, 
No. 734,583; licensed in U.S. under Patent No. 2561520 
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FIVE constant voltage transformer 


The Harmonic-Free Constant Voltage Transformer 

gives you all the advantages of static-magnetic 

voltage regulation plus output. 

ii  Remington-Rand, for example, uses this 9 kva 
transformer to provide continuous, completely-automatic 
voltage regulation to their Univac model 60 and 120 
computers. The Sola regulator is shown above at the 


“sine-wave”’ 


Standard*: Constant Voltage Trans- 
formers for electrical and electronic 
equipment .. . regulation +1% 

response within 1.5 cycles no 
tubes, moving parts or manual ad- 
justments . . . static-magnetic regu- 
lation ...limits current on load faults. 


Plate-Filament*: Regulation is +3% 
with line input between 100-130v . .. 
plate and filament windings are com- 
bined on a single, compact core for 
chassis mounting . . . good isolation 
of input and output circuits . 
automatic, static-magnetic regulation. 
* Available from stock or custom-designed. 


Sola Electric Co., 4633 W. 16th St., Chicago 50, II! 


SOLA 


Circle 119 on page 17 


For easily-instalied, 
dependable voltage regulation 
use Sola 


types answer most stabilizing needs 


left with the front panel of the cabinet removed. It is a 
custom-built unit. 

Sola harmonic-free regulators deliver +1% regulation 
with +15% line voltage variation. The output wave has 
less than 3% total rms harmonics. Available from stock in 
seven sizes ranging from 60 va to 3kva; custom designs man- 
ufactured to your specifications in production quantities. 


Filament*: Regulation +1% with input 
voltage fluctuations up to +15% 

6.3v output for large numbers of 
electron tubes . current-limiting 
action minimizes cold inrush cur- 
rents, also protects against damage 
from load faults ...75-80% efficiency. 


J 


Adjustable, Harmonic-Free: Provides 
output adjustable from 0-130 volts ac, 
also fixed 115 volts ac . . . regulates 
within +1% with less than 3% total 
rms harmonic content .. . portable for 
lab or shop bench use, or mounts 
on 19” relay rack. 


For complete data write for Bulletin 6K-CV-170 


Bishop 2-1414 @ Offices in principal cities @ In Canada, Sola Electric (Canada) Ltd., 24 Canmotor Ave , Toronto 18, Ont 
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MOTOR-STARTING 
CAPACITORS 


air-conditioners, refrigerators, motors, 
pumps, and compressors 


Sprague Plastic-encased A-C ELECTROLYTIC 
CAPACITORS rate as the popular selection for 
motor-starting applications in humid atmos- 
pheres. They are available in two styles of 
sturdy, phenolic cases for every appliance, 
compressor, and pump application. Type 9A 
Capacitors have conventional cylindrical cases 
and are available with phenolic end caps and 
snap-on mounting brackets ... in all the pop- 
ular ratings and voltages. They are regularly 
furnished with single or dual-blade terminals 
to fit female quick-connectors. Type 14A Ca- 
pacitors are supplied in one half-oval case 
size in a limited number of ratings. Complete 
ratings for both types are listed in Engineering 
Bulletin No. 4000A. 


Sprague—the world’s largest manufacturer of 
capacitors—also makes the most complete line 
of motor-run and appliance power factor cor- 
rection Capacitors in oval, round, and rectan- 
gular cases. Write for Engineering Bulletins 
and application assistance to Technical Lit- 
erature Section, Sprague Electric Company, 
307 Marshall Street, North Adams, Mass. 


ALSO AVAILABLE: Sprague Type 7A 


Metal-Encased A-C Electrolytic Capacitors provide ® 
maximum mechanical protection. Complete listings 
are shown in Engineering Bulletin No. 4200A. 


LRN TEE REN REO GRRE SS AES ET EGE, the mark of reliability 


SPRAGUE COMPONENTS 


CAPACITORS © RESISTORS © MAGNETIC COMPONENTS ¢ TRANSISTORS «© INTERFERENCE 
FILTERS © PULSE NETWORKS e HIGH TEMPERATURE MAGNET WIRE e PRINTED CIRCUITS 
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INOW 


A HIGH TEMPERATURE FILM WIRE DEVELOPED BY 


_ APPLIED RESEARCH TO MEET 155°C (CLASS “F”) 


ELECTRICAL MANUFACTURING 





AGED DIELECTRIC TWISTS 
AIEE Procedure 457 


100,000 


50,000 


PHELPS DODGE 


SA 


PERFORMANCE ... go 100 90 10 Mo 30 1 


TEMPERATURE °C 


AVERAGE LIFE, HRS. 


LEZE F... 


Dielectric twist performance establishes 
Thermaleze F as exceeding Class “‘F”’ (155° C). 


Better factor of safety because of improved 
‘heat shock”’ characteristics. 


@ Good film flexibility under Class “F’’ conditions. 


@ Good balance of electrical, chemical and 
physical properties. 


Ideal for Class “‘F”’ stator windings and high 
temperature layer or random wound coils. 


Presently available in square and rectangular 


wire; also in round wire, sizes +8-40. 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, easiest answer! 


>S DOF 
FIRST FOR wpe 


LASTING QUALITY 
—FROM MINE 
TO MARKET! 
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DOW LIQUID EPOXY RESINS 


VISCOSITY (CPS) 


COLOR (GARDNER) 


EPOXIDE 
EQUIVALENT WEIGHT 


Aveoiloble in drums, truckh 


Try Dow — the basic sour! 


= 


This hand-poured casting was not evacuated to remove bubbles. 











See for yourself the clarity of new Dow Epoxy! 


This unretouched photo demonstrates how easy it is to see 
through several inches of Dow Epoxy Resin 332—and thus 
how easy it is to visually inspect parts which are encapsu- 


lated in D. E. R. 332. 


But a perfect inspection “window” is not the only advantage 
you get when you use D. E. R. 332 for encapsulation. Com- 
pared to ordinary epoxies, the high purity of D. E. R. 332 
makes possible more uniformity, lower viscosity, longer 
pot life and greater heat resistance. Of special interest also 
for electrical applications, D. E. R. 332 and D. E. R. 331 
are very low in total and hydrolyzable chlorides. 


D. E. R. 331 is a standard unmodified resin designed for 
customary applications and D. E. R. 334 is a modified low- 
viscosity resin especially suited for laminating. 

All three of these Dow Liquid Epoxy Resins are available 
for prompt delivery to you in drums, truck or tank car lots. 
For complete information on Dow liquid and solid epoxies 
and epoxy novolaks, call your 

nearest Dow sales office. Or 

write THE DOW CHEMICAL 

COMPANY, Midland, Michigan, 

Coatings Sales Dept. 2262-N2 


YOU CAN DEPEND ON 


Circle 122 on page 17 
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00 Hp 220 Volts, 100 Hp 440/550 Volts Mar. Polyphase 


compact design saves 
valuable panel area 


parallel contact design provides 
increased electrical 
life at full capacity 


low mass movable members 
insure superior 
mechanical life 


This is the new Cutler-Hammer NEMA Size 4 Starter . . . industry’s first 
large horsepower starter offering all the desired features of the famous 
Cutler-Hammer Three-Star Motor Control line. Smaller, more compact, 
this new starter simplifies control panel design and saves valuable panel 
area. Tests of the new parallel contact structure show vastly improved 
electrical life even when operated at full capacity. Further, this new de- 
sign reduces the size and weight of the movable members resulting in less 
impact wear and unsurpassed mechanical life. We’ve tested it against all 
others, why don’t you? The new Cutler-Hammer Size 4 Starter 7 in- 
stalls easier, # works better, 7 and lasts far longer. Get all the facts 
today. Write for the new descriptive bulletin EN125-W231 Cutler-Hammer 
Inc., Milwaukee 1, Wisconsin. 


Look for these outstanding 
features... you'll find 

them only in Cutler-Hammer 
Three-Star Motor Control 


U-shaped cover easily removable for unobstructed 
inspection and accessibility 


Straight through wiring . . . line terminals at 
the top, load terminals at the bottom 


New pressure type terminals cut wiring time and effort 


>» Adjustable overload relays can be set to trip 


within 3% of full load motor current 

Precision cast overload sensing coils 

can’t lose their accuracy 

Widely desired three-phase, three-coil overload 
protection is a standard optional feature 

... Mo special attachments or enclosures 
Indestructible molded magnet coil . . . color coded 
for positive voltage and frequency identification 
Easily installed convertible electrical interlocks 
require no special adapters . . . provide up to 
four extra control circuits 

Available as non-reversing, reversing, and 
multi-speed contactors and starters in the open type, 
NEMA 1, and all special purpose enclosures. 


mC UTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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IT PAYS TO STANDARDIZE ON STANSCREW 


Stanscrew fasteners meet DOALL standards 
for high strength, rigidity, “clean” design 


This outstanding machine was developed by the 
DoALL Company to handle industry’s largest, 
toughest cut-off jobs. Not a beefed-up model of 
existing machines, this “biggest band saw built”’ 
is a unique new design. As one example, the 
cutting head travels vertically, but cutting takes 
place on the lower edge of the top saw band. 

The new design of this unit, Model C24, 
therefore represents an entirely new concept of 
rigidity, applied power, and precision control. 
These basic considerations dictated the selec- 
tion and application of every part . . . including, 
of course, the fasteners. 

Small wonder, then, that DoALL’s design en- 
gineers, after consultation with Stanscrew’s fas- 
tener specialist, selected Stanscrew socket cap 
screws for vital applications such as attaching 
hydraulic cylinders. These reliable fasteners pro- 
vide the high strength needed. Correctly ap- 


yn 


plied, they give assurance against misalignment 
even after extensive use—a must in this pre- 
cision machine. And, by permitting flush, snag- 
free surfaces, the fasteners also contribute to 
the C24’s superior styling. 

Like DoALL, other leaders of American in- 
dustry are learning the advantages of calling in 
a Stanscrew specialist when a new product is 
on the drawing boards. His wide experience can 
often suggest ways to cut fastener or assembly 
costs... for example, by substituting a standard 
fastener for a costly special. He can make sug- 
gestions from Stanscrew’s complete line of over 
4,000 types and sizes, always in stock and 
quickly available. 

So whatever your requirements in fasteners, call 
your Stanscrew distributor today. He will gladly 
arrange for a prompt visit from the Stanscrew 
fastener specialist. 


STANSCREW FASTENERS 


CHICAGO | THE CHICAGO SCREW COMPANY, BELLWOOD, ILLINOIS 


HMS | HARTFORD MACHINE SCREW COMPANY, HARTFORD, CONNECTICUT 


; WESTERN | THE WESTERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 


STANDARD SCREW COMPANY 


Circle 124 on page 17 


2701 Washington Boulevard, Bellwood, Illinois 
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NOW IN 
G-E FORM G 
MOTORS 


EXTRA 
VALUE 
FEATURES 


...to help you improve 
design and quality, 
cut maintenance and 
assembly costs 


GENERAL @@ ELECTRIC 


GENERAL @@ ELECTRIC 





FORM G MOTORS 


* Including many brand-new features indicated with red. Together with the many performance-proved Form G 
features, they add important EXTRA VALUE to General Electric ‘‘years ahead" motors. Investigate each of 


these features carefully. Ask yourself, ‘‘How much can | benefit by taking advantage of this Form G feature?” 


Nos. 1, 4, 6, 7, 10 and 26 not shown on cutaway. 





-27 REASONS* FOR 


N EW ! PERMANENT GROUNDING BETTER ALIGNMENT rugged, disk-type end N EW ! EASIER WIRING — enlarged 


with built-in lug you can quickly make shield places rabbet and bearing in same wiring compartment affords easier con 
ground connections—-meets UL standards. plane, means accurate bearing alignment. nections, saves assembly time and co 


LIGHTER, SMALLER-—50‘, lighter, 40°; MACHINED END SHIELD O.D. close tol LONG LIFE-—-dynamically balanced rotors 
smaller than old-style models, the new erances make possible direct mounting to of cast aluminum are virtually | 


Form G costs less to handle, install, ship. your product without costly machining. structible; contribute to quiet oper 





LONG BEARING LIFE three-wick lubri- N EW ! QUIETER SWITCH—spe- POSITIVE OIL RETENTION-—-rubber a 
cation system bathes shaft with clear, cially designed washer cushions start- metal oil throwers return oil from shaft t 
filtered oil, providing long motor life. stop click, maintains positive snap action. wicks, giving exceptional oil retentior 





YOU TO BUY NOW 


vy YY 
| OLDSTYLE 6+ FORM 
aoe MOTOR ule) ie)") 


LONG LUBRICATION LIFE—over 50°; more BETTER APPEARANCE ALL-ANGLE OPERATION — specially designed 
oil than in old-design motors contrib- bright-plated motor hardware looks bet- bearing and oil retention system allows 
utes to motor’s doubled lubrication life. ter longer, resists rust and corrosion. you to mount Form G's in any position 


Cemenar Hevecrare 
AC MOTOR 
HP 1/3 FR 




















110 om 40C 
v¥ 115 cODE M 
cy 60 




















FT WAYNE INDIANA 
MADE IN USA 





NEW! SHAFT PROTECTION —spe- THRUST ABSORPTION—unique thrust wash- NEW! PERMANENT DATA en 
cial gun-metal-like treatment of shaft er assembly withstands normal thrust from graved, paint-filled nameplate is more 
resists rust, simplifies product service. any direction regardless of motor angle. legible; simplifies selection, installation. 


NI EW ! LONGER LIFE—heavy-duty LONG INSULATION LIFE—Formex** _wire N EW ! FASTER CONNECTION 
onding dip and stator clamps help pro- in Form G motors can be bent, twisted, plug-in connectors on external and inter- 
de a more rigid, unitized assembly. crushed, yet retains its insulating ability. nal terminals cut installation time 50%. 





FOR EXTRA VALUE! 


FAST ROTATION CHANGE QUIETER OPERATION—-improved mounting NEW! FAST VOLTAGE CHANGE 
quick connects make changeover fast rings provide greater resiliency, and ingenious sliding plates let you switch 


and positive. Just switch two motor leads. contribute to quieter motor operation. from 115v to 230v or vice versa in seconds. 


oO 
< 
- 
_ 
I 
~ 
a 


LONG LIFE—Mylart has 35 times the RUGGED CONSTRUCTION sturdy _ steel FAST CONDUIT 
moisture resistance, 8 times the dielectric shell keeps end shields accurately aligned, securely welded 
strength of ordinary paper insulation. protects motor from rough 


CONNECTION—-speed nut, 
inside motor shell, re- 
treatment. duces conduit connection time 50 per cent. 


LUBRICATION 
AFTERJYRS NORMALOR 
| YR HEAVY DUTY SER 
VICE ADO OL ANNUALLY 
NO REOILING REQUIRED 
OW LIGHT DUTY APPLI 
CATIONS WITH TOTAL 

OPERATING TIME UN 

DER 25000 HRS USE 

ELECTRIC MOTOR OR 

SAE 10 ONL 

DO NOT OVER OIL 
TO DISASSEMBLE 
MOTOR REMOVE BEARING 
END CAP ON TERMINAL 
END THEN REMOVE 
SHAFT CLIP BY RE 
LEASING TAB 


LONG LEAD LIFE—braidless neoprene leads NEW! MORE LEGIBLE INSTRUC- MOUNTING VERSATILITY resilient and 


resist heat, moisture and aging; and TIONS—oiling instructions, lithographed solid cradle bases permit rotation of G-E 
are color-coded for easy identification. on terminal box cover, Stay legible. motor within base to meet design needs. 


tReg. trademark of duPont Co. **Reg. trademark of General Electric Co. 





... And Here’s How These 
G-E MOTOR EXTRA VALUES CAN 


MILTON ROY COMPANY 
Philadelphia, Pa. 


DEPENDABILITY PLUS—“Our controlled volume pumps 
and chemical feeding system are highly accurate de- 
vices used for metering corrosive chemicals. We de- 
mand absolutely dependable motors. Power failures 
can be expensive for our customers and detrimental to 
our reputation. The Form G answers our needs com- 
pletely. Its many features assure built-in depend- 
ability and top-notch performance.” 


KEENCO FARM EQUIPMENT CORP. 
Emporia, Virginia 


PRACTICALLY MAINTENANCE-FREE—“Using G-E Form 
G motors on our Keenco Automatic Poultry Feeders 
has proved to be a practical and profitable way to 
meet customer demands for continuous, dependable 
service with virtually no maintenance. We’re convinced 
that the many features in General Electric motors add 
real extra value to our products—and help us gain 
extra customer satisfaction.” 


THE WHIRL-A-WAY CORPORATION 
Harrisburg, Pa. 


gts 


~~ 


a. 
(Ea 


G-E 
motors exclusively on our egg washers we realized 
these benefits: (1) we now save 27 man-hours per 
every 25 units produced; (2) we save about $9 per 
machine because the close tolerances of the Form 
G end mounted motor eliminate special mounting 
brackets; (3) our product is now much smaller and 
lighter; and (4) we've been able to reduce our 
‘Cascade’ unit price by $15.” 


30)" '7:\ 10m ae 1 | nO mm | Lee 
Yonkers, New York 


VERSATILE MOUNTING—“We’ve realized big savings 
by using Form G motors on our Edwards automatic 
door operators. For instance, the cradle base which 
lets the motor rotate to any position can be installed 
in our equipment before we mount the motor— 
means faster assembly. The Form G’s small size 
has also allowed us to design a lighter, more com- 
pact and attractive unit. We’ve had no complaints 
since switching to G-E motors four years ago.” 





Full line of 
G-E Form G 


\N PAY OFF FOR You 


STAR PUMP AND COOLER COMPANY 
St. Louis, Mo. 


aa 2 
. 


ALL-ANGLE MOUNTING—“We'’ve standardized on G-E Form 
G motors for our Star Milk Coolers for two big reasons: (1) 
it requires no special end shield or bearings for shaft-down 
mounting and we can use simple through bolts to mount it; 
(2) it requires minimum maintenance even under severe 
climatic conditions.” 


LOREN COOK COMPANY 
Berea, Ohio 


NOW WITH NEW 


EXTRA VALUE 


INCREASED SALEABILITY—“Form G motors have resulted in a You can now get these 27 General Elec- 
big weight saving, giving our ventilators a sizeable competi- 
tive edge. Also, we especially like G.E.’s Small Motor Service 
Station Plan which assures customers fast, local service if 
needed. Because of this excellent service we use General Elec- Like these manufacturers, you, too, can 
tric motors exclusively.” 





tric Extra Value Features on the complete 
Form G line. 


get real extra value by specifying Form 
G motors. Over 850 basic models—and 
thousands of variations—will soon be 
available in quantity, equipped with the 
new extra value features. And in most 
cases, there’s a standard Form G motor 
to meet your exact product requirements, 
eliminating the need for costly “specials.” 


BUY NOW 
FOR EXTRA 
VALUES GEWERAL QD Evectaic 


66% SMALLER SIZE—“Compactness and high power per 
pound makes General Electric motors ideal for our pro- 
portioning pumps. Using Form G motors permits a 66% 
size reduction, a 50% pumping capacity increase and a 


50% price reduction.” GENERAL @@ ELECTRIC 


* PROPORTIONEERS DIVISION 





HAVE YOU PERSONALLY 
REVIEWED THE G-E 
FORM G MOTOR STORY RECENTLY? 


DO YOU KNOW that only General Electric offers you a com- 
plete line of fhp motors in the new, compact design? And only 
from General Electric can you get all these 27 important fea- 
tures, including the NEW EXTRA VALUE FEATURES. It 
pays to standardize on G.E.’s full line of ‘‘years ahead”’ motors. 
Why not investigate them today? 


Start by calling your General Electric Sales Engineer. Ask him 
to review with you the Form G story just as soon as possible. 
He has a complete schedule of the availability of the new extra 
value features and he’ll be glad to show you exactly how you, 
too, can gain all the important advantages of General Electric 
Form G motors. 702 


BUY NOW FOR 


EXTRA VALUES 


GENERAL @@ ELECTRIC 


Progress /s Our Most /mportant Product 


GENERAL jo ELECTRIC 





Another New and Better Product 
developed by FANSTEEL Research 


Twice Actual Size 


Fansteel announces 
COR-BOND Electrical Contacts” 


Perfect Electrical Bond The new Fansteel Cor-Bond Electrical Contact is 

No Off-Center Contacts made for the Space Age—the age of subminiature 

No Annealed Threads assemblies where high reliability is of supreme 
importance. 

With a new and exclusive Fansteel process, 
Cor-Bond contacts are made on automatic ma- 
chines from special rod stock with a core of 
fine silver, coin silver, or any of the ductile 
Fasaloy alloys. The core, which is formed to 
make the contact face, is permanently bonded to 
the base metal. No brazing is done, no heat 


Perfectly Controlled Contours 
Quick Tooling and Delivery 
Economy 








employed 
pace Cor-Bond Contacts can be produced to your 
specifications quickly, and with simple tooling. 
In most cases, they cost less than the usual 
composite or force-fitted type of contacts. 

Ask for Technical Data Bulletin 7.108— 
better still, send us samples and/or drawings of 
the contacts you are using at present, and let us 
make recommendations. 

















*Patents Pending 


Electrical Contacts and Specialties Division 


FANSTEEL METALLURGICAL CORPORATION, NortH CHICAGO, ILLINOIS, U.S.A 
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65 Types in four stock models mean industrial 
sales for you. Models DOS, DOSY, DO, and CRU are 
available. Models DO and DOS fill many industrial 
needs for a compact, lightweight relay that handles 
power loads usually requiring much larger, heavier 
units. The increased operating sensitivity of Model 
DOSY relay, equipped with twin coils, makes it adapt- 
able to a wide range of electronic control circuits, such 
as plate circuit controls. Model CRU is outstanding for 
its wide range of available contact combinations, its 
small size, and rugged constitution. At 115 vac or 
32 vdc, noninductive load, Models DOS and DOSY 
have contact ratings of 15 amp; Model DO, 10 amp; 
and Model CRU, 5 amp. Available in a wide range 
of coil operating voltages and contact combinations. 


Write on company letterhead for Catalog 58. 


Molded Module 








Coil Wattage: rated nominally at .150 
watt per pole at an ambient tempera- 
ture of +20°C; Coil Operating Voltage 
Range: to 115 vdc; Contact Ratings: 
up to 5 amperes at 115 volts ac or 32 
volts dc noninductive, with standard 
contact material, palladium. Other ma- 
terials can be supplied; Contact Combi- 
nations: standard combinations are 
dpdt, 4pdt, and 6pdt (maximum). Others 
can be furnished. Weight: approximately 


2 ounces for 4 pdt relay. 





Coil Wattage: rated nominally at .250 

watt per pole at an ambient temperature Model TS 
of +20°C; Coil Operating Voltage <5 3 
Range: to 115 vdc; Contact Ratings: = 

up to 10 amperes at 115 volts ac or 32 

volts dc noninductive with standard con- 

tact material, silver-cadmium oxide. 

Other materials can be supplied; Contact 

Combinations: standard combinations 

are dpdt, 4pdt, and 6pdt (maximum). 

Others can be furnished. Weight: approxi- 

mately 3 ounces for 4pdt relay. 


~~ 


= 
hy 


Molded Module ~ 


RHEOSTATS RESISTORS 


Circle 127 on page 17 


Be Right with. 
RELAYS 


. TAP SWITCHES TANTALUM CAPACITORS 
R. F. CHOKES VARIABLE TRANSFORMERS 


NEW OHMITE RELAYS 


® with exclusive “Molded Module”* contact springs 
@ exceptional sensitivity for small size 
@ designed to meet aircraft, military, and industrial 
applications 
*patent applied for 


The new Models TT and TS relays are lightweight, 
yet rugged. Paramount among the design innova- 
tions is the revolutionary “Molded Module” contact 
spring construction. The “module” is a standard, 
single-pole, double-throw, spring combination molded 
into a single compact assembly. As many as six 
modules can be incorporated into a relay to provide 
a maximum six-pole, double-throw combination. 
With the springs rigidly held in a matrix of tough 
plastic, alignment of the springs is assured. More 
accurate alignment of all the subcombinations 
(modules) on the relay is possible, and adjustment 
of the individual contact springs is easier and more 
permanent. Diall Phthallate, the molding material, is 
capable of withstanding temperatures to 400°F. 


A contributing factor to the remarkable sensitivity 
of these relays is the design of the armature retain- 
ing guard to minimize undesirable heel gap. A wide 
variety of hermetically sealed enclosures is available. 


OHMITE MANUFACTURING CO. 
3613 Howard Street, Skokie, Illinois 
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NEWS OF MATERIALS THAT ARE 
IMPROVING TODAY'S PRODUCTS 





©1958, National Vulcanized Fibre Co. 


PUBLISHED BY NATIONAL VULCANIZED FIBRE CO., MANUFACTURERS OF: 





VULCANIZED FIBRE + PHENOLITE® LAMINATED PLASTIC + NATIONAL NYLON 





NEW NATIONAL MATERIALS DELIVER LOW-COST 
FLAME RETARDANCE...RELIABLE HEAT RESISTANCE 


Permit designers to add new product 
features at little or no added cost 





What is a high temperature material? 


Out of National’s R & D labs come 
new self-extinguishing materials .. . 
for structural parts and for printed 
circuits. They offer manufacturers new 
opportunities to broaden the use of 
flame-retardant materials in many of 
their products without increasing 
costs. 

PYRONIL: combines flame retardance 
with most of the well-established struc- 
tural properties of Vulcanized Fibre. 

PHENOLITE XX XP-475: offers a self- 
extinguishing paper base laminate for 


The present need for materials with 
reliable performance under exposure 
to high temperatures has stimulated 
much interest in data on “heat-re- 
sistant” grades of laminated plastic. 
There are such materials available, 
and there will be more. 

The problem of selection by the de- 
signer, however, is not made easier by 
availability of these materials, but in 
fact, is made more complex by an ab- 
sence of test standards on which to 
base reliable data. This has resulted in 
claims about materials which tend to 


printed circuit use. Made without the 
use of costlier resins, material can be 
precision-punched at warm tempera- 
tures (130°F.-150°F.). 

A new high temperature material, 
PHENOLITE GH-871, offers excellent 
flame-retardance as well as very good 
electrical properties. Of special inter- 
est to: rocket, missile, aircraft and 
electrical apparatus design engineers. 

The table below compares these and 
other flame-retardant materials avail- 
able from National. Principal known 
uses are noted. For more information 
use coupon on page 3. 


be confusing since they are not sup- 
ported by standard test procedure. 
Transformer insulation, for example, 
is expected to retain its electrical 
and mechanical properties for perhaps 
20 years without deterioration at 
350°F. temperatures. Such materials 
are available and performance tests 
are standard. Missile engineers, on the 
other hand, are concerned with the 
performance of, say, a thermal insula- 
tor under temperatures as high as 


New laminate, GH-871, retains 64% struc- 25.0 , . ein aeaiiae . a 
tural strength after half-hour exposure at 25,000°F. for only a few seconds. Here, 


650°F. See full test story on pages 2 and 8. 





Continued on Page 2 





FLAME RETARDANT 


FLAME RESISTANCE 
NEMA(Q 

Time Extinguishing | Mechanical Moisture 
GRADE Base Resin (Sec.) ; (Ser.) Strength Resistance 
Pyronil Cellulose None <i Fair Poor Poor 
X-121 Paper Phenolic 2-4 60 Good Fair Fair 
X-122 Paper Phenolic 1 60 Fair Fair Fair 
XX-326 Paper Phenolic 14-2 50 Fair Good Good 
XXXP-467 Paper Phenolic <1-3 3 Fair Excellent Excellent 
XXXP-475 Paper Phenolic <1-1% _ Fair Excellent Excellent 
GP-9202 Glass Mat. Polyester <1 not available] not available Good Good Fair 
GP-9204 Glass Mat. Polyester <1 93 347 Good Good Fair 
G-5-813 Glass Cloth | Melamine <3 250 55 Excellent Good Fair 
G-7-832 Glass Cloth Silicone <1 104 63 Excellent Excellent Excellent 
GH-871 Glass Cloth Phenolic <1 257 59 Excellent Good Excellent 
(1) Underwriters test 4%” thick specimen held horizontal 10 sec. in gas flame. Results are extinguishing time in seconds 


(2) Proposed NEMA Switchgear Committee test using modified Bureau of Mines apparatus. Results are ignition time and extinguishing time in seconds on 4” x 4” x 5” 
*Not made in 4” thickness required by Bureau of Mines test. . %" x" x5” specimens 


MATERIALS 








UL (1) 





Electrical 


Typical 
Properties - 


Applications 
Flame Barrier 
Switchgear 
Switchgear 
Switchgear 
Printed Circuits 
Printed Circuits 
Switchgear 
Switchgear 
Aircraft 
Radar Parts 
Missile Parts 
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What is a high temperature 
material? (Continued) 


there are no standard tests, and unless 
the materials are tested under actual 
conditions there can be no basis for 
evaluating their true potential. 
Another example. Vulcanized Fibre 
has been shown to withstand 22,000°F. 
for 10 seconds without serious weight 
loss. But the same material cannot be 
recommended for continuous operation 
at temperatures exceeding 200°F. Toa 
lesser degree, the same wide tempera- 
ture range is evident for all plastic 
materials. 

National’s new high temperature 
laminate. PHENOLITE GH-871, is a 
good example. It has been tested at 
650°F. After one-half hour exposure 
at that temperature, GH-871 was 
tested at peak temperature within the 
oven and was found to retain 64 per 
cent of its original structural strength 
of 65,000 psi. Tests have also been 
made at 700°F. (See table below.) It 
is not known at present what the 
strength retention would be at much 
higher temperatures over a period of 
a few seconds. This new material 
holds promise for high temperature 
use. But only test data under specific 
use conditions will determine its full 
potential. 

The table below shows the perform- 
ance of six National materials known 
for their resistance to higher tempera- 
tures within the range of presently 
available test equipment. This infor- 
mation may provide a basis for select- 
ing a material which must perform at 
higher temperatures than noted here, 
depending on what is required and for 
how long. 

With National’s research activity 
focused on high temperature perform- 
ance of laminates, we welcome the op- 
portunity to work closely with users 
in arriving at a satisfactory material 
to perform a given job. Use the coupon 
on the next page, or write us of your 
specific need. 





OUT OF THE LABS 











The need for new laminates with 
higher heat resistance has been a 
critical design problem for more than 
five years. Although new resins were 
available that would withstand 500°F., 
it remained for National’s Research 
and Development Laboratories to per- 
fect them into a practical high tem- 
perature laminate. 


Case in point: Designers were asking 
for a high temperature glass-base 
laminate that gave the added features 
of mechanical strength, low water ab- 
sorption, flame resistance and good 
electrical properties. The problem: 
Make it. 


Solving the problem: National’s Lab- 
oratories conducted extensive evalua- 
tion programs not only to find one best 
type of high temperature resin for this 
application, but also to come up with 





Test piece in position for Bureau of Mines 
flame retardant test. 


the strongest possible grade of glass 
cloth for laminate strength. This done, 
they turned their attention to the 
problems of manufacturing the new 
laminate. A typical one that had to be 
solved was the occasional blistering or 
delamination of thick sections during 
an oven-curing process. (Oven-curing 
is essential for high heat resistance.) 
This problem was answered by modi- 
fying both the resin and the laminate 
manufacturing process. 


Result: When all such problems were 
solved, National had developed and 
tested the new PHENOLITE Grade GH- 
871 described elsewhere in this issue. 
This material’s heat and flame re- 
sistance plus its ability to retain 95- 
98% of its flexural strength at 500°F. 
and 60-70% at 650°F., hold promise 
for solutions to a number of high tem- 
perature material problems. 


Heat chamber used for high temperature 
flexural strength tests. 





HEAT RESISTANT MATERIALS 





GRADE 





Base Resin 


Flexural Strencth Retention 


Electrical 





Initial 
Flexural Strength 
psi 


Temperature Time 


Typical 


% Retained Properties Application 





AA-761-A_ | Asbestos Cloth Phenolic 


300° F 1 hr 
500° F 1 hr. 
500° F 100 hrs. 


20,000 


85 
79 Poor 
35 


Rotor Blades 





G-3-822 Glass Cloth Phenolic 


30,000 482° F 24 hrs. 


95* Fair Motor Insulation 





G-5-813 Glass Cloth Melamine 


55,000 392° F 24 hrs 


49* Good Switch Panels 





G-7-832 Glass Cloth Silicone 


356° Thr 
40,000 432° 48 hrs. 


33 


Excellent Class H Transformers 





G-11-861 Glass Cloth Epoxy 


70 Excellent Printed Circuits 





GH-871 Glass Cloth Phenolic 











F 

F 
68,000 302° F 1 hr. 
500° F 100 hrs 
650° F Y hr. 
700° F Y, hr. 








65,000 





80 


64 Good Missile, Rocket, 


Aircraft, Switchgear 














*Tested at room temperature; other values at conditioning temperature 


48 


**Slight blistering 
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GH-871 Retains 64% Strength ° — F 
Atter HattcHew at @50°F. Epoxy Printed Circuit Laminates Offer 


Flexural strength test of National's Better Performance in Critical Uses 
new laminate, PHENOLITE GH-871, is 
made while in an oven (see Out of 





pen . The “workhorse” of the printed cir- 

Labs story) at 650°F. until fracture cuit laminate field—-X XX P—has been 

takes place. The photos below were “releie ee Aelia PROPERTIES COMPARATOR CHART 

taken at intervals during actual test. joined by a number of other important 
grades in recent years. Perhaps the COPPER CLAD 
two most significant are glass base XXXP G-10 G-11 
epoxy grades G-10-865-1 and G-11- 
861-1. The table to the right compares Dimensional Stability 2 2 10 
these two with the more familiar 
XXXP. 

The G-10 designation refers to 

standard epoxy glass material meeting Dip Solder - 10 
MIL-P-18177-B, Type GEE. The G-11 
designation refers to the newer heat 
resistant types. PHENOLITE grade G- and Cleaning 
11-861-1 meets both type GEE and : 
GEB_ requirements under MIL-P- iat aapameneel 
18177-B. Mechanical Strength— 

Normal Temperature 





Heat Resistance 6 10 
Copper Bond Strength 10 


Resistance to Plating 


u 


Biase tn ened: ae ee lied Rating of 10 indicates best of mate- 
P : a rials compared. High Frequency Losses 


Because of the wide cost variance Arc Resistance 
(approximately 3 to 1), G-10 and G-11 
cannot be considered competitive with 
XXXP. But where maximum dimen- Fabrication 
sional stability, higher strengths at 
normal or elevated temperatures, plus 
excellent resistance to chemicals used 
in various etching processes are re- Insulation Resistance 
quired, G-10 and G-11 are worthy of C-96/35/90 
consideration by the printed circuit 
designer. 


Water Absorption 


Thickness Tolerance 
Copper Clad 











-_ 


Partial deflection of piece begins. 


WATIONAL worcanizen risne co. 
Dept. NSC-11, Wilmington 99, Del. 


Use this handy coupon to get the literature you want. 


A. New Materials , 8. Fabricated 
Selection Guide - . Parts Booklet 
16 p. 8 p. 


Deflection just before break occurs. —_—— TECHNICAL DATA SHEETS 
C] C. Pyronil Flame Resistant Fibre 


C] D. Phenolite GH-871 


CT] E. National Nylon 


Piece ruptured at completion of test. 
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Nickelectric News 


DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS VAN 





Inconel brushes hold carbon electrodes, help this 
airborne searchlight light up. Product of Arma 
Division, American Bosch Arma Corporation. 


New Airborne Searchlight 
. - - Radiant heat from its 5000° F 


arc is no problem for Inconel 


GARDEN City, N. Y. This new Arma 
airborne searchlight generates 130 
million candlepower — more than the 
total light from a million automobile 
headlamps. It burns 15 minutes at a 
time, instead of the 30-60 seconds of 
existing aircraft searchlights. 

The carbon arc reaches temperatures 
of 5000° F or more. Away from the arc, 
temperatures drop off rapidly but cer- 
tain parts of the searchlight must 
operate in intense heat. So the elec- 
trode brushes (see drawing) are made 
of Inconel* nickel-chromium alloy to 
withstand this heat, electrode abrasion, 
oxidation, and creep for hundreds of 
lighting cycles. 

Where you design parts to resist 
high-temperature stress, fatigue, cor- 
rosion, Inconel alloy is an excellent 
material choice. In very high tempera- 
ures (such as springs used at 1100° F) 
Inconel “X” age-hardenable nickel- 
chromium alloy is successfully used. 
Both alloys are strong, ductile, are 
readily formed and welded. 

Pertinent Literature: Write for Inco 
Bulletin T-7, “Engineering Properties 
of Inconel and Inconel ‘X’.” 
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New G-E Electrolytic Capacitor Electronic Grade 
“A’'* Nickel lead wires help make it rugged. 


Small, rugged capacitor 


. .- Nickel leads boost its strength 
Hupson Fauus, N. Y. The new Solid 
Tantalytic® capacitor is designed for 
low voltage circuits —its capacitance 
changes not more than 20% from 
+85°C down to —80°C. General Elec- 


3 Inco Nickel Alloys help Fenwall 
build high reliability into 


aircraft fire detector 


... Protect sensing 


ASHLAND, Mass. An aircraft fire de- 
tection system made by Fenwall, Inc., 
features radically improved accuracy 
and reliability for flight safety. It 
eliminates false alarms from moisture 
and averaging, gives continuous detec- 
tion along whole sensing element loop, 
contains no moving parts. 





INCONEL ALLOY SHEATHING 


a 


ELECTRONIC GRADE 
“A” NICKEL WIRE 


SALT COMPOUND & INSULATION 











Section of detection element, showing use of 
Inco Nickel Alloys. 


The sensing element consists of a 
strong, flexible Inconel* nickel-chrom- 
ium-iron alloy tube with a wire of 
Electronic Grade “A”* Nickel at its 
center. The space between is filled with 
an inorganic salt. (See drawing above.) 
The element is connected to a signal 
amplifying control unit. 

Overheat at any point along the ele- 
ment, or spread over many feet of its 
length, causes the salt’s electrical re- 
sistance to drop sharply. The element’s 
electrical current flow changes, trig- 
gers an alarm. System returns to 
standby condition when overheat con- 
dition is corrected. 


salts for repeated warning service 


Designers at Fenwall needed a flexi- 
ble sensing element tube — of a metal 
that resists fire, fatigue, oxidation, pro- 
tects sensing element salts for life of 
the airplane. They chose Inconel alloy. 
(Note sensing element in photo below.) 
The core wire requires good electrical 
conductivity, plus all the tube’s prop- 
erties, so designers chose Electronic 
Grade “A” Nickel. And for the element 


This fire and overheat detection element, enclosed 
in Inconel tube, is so flexible it can be twisted 
like a helical spring and still stay serviceable. 


spring mounting clips, they chose Inco- 
nel ““X”* non-magnetic, age-hardenable 
nickel-chromium-iron alloy. Inconel 
“X” clips retain springiness even at 
elevated temperatures. 

Pertinent Literature: Write for “Inco 
Nickel Alloys for Electronic Uses”’. 
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tric designers gave it unusual resist- 
ance to mechanical shock with Elec- 
tronic grade “A’’* Nickel lead wires. 
They chose Nickel for three good rea- 
sons: (1) welds easily — high thermal 
coefficient of electrical resistivity aids 
quick, strong spot welding. (2) solders 
easily — speeds hermetic sealing, and 
assembly into circuits. (3) meets strin- 
gent mechanical specifications — leads 
(0.0201” diameter) withstand 30 sec- 
ond pull test of 3 pounds, four 90° 
alternate bends. 


Pertinent Literature: Write for “Inco 


Technical Bulletin T-15”. 
Circle 130 on page 17 
®General Electric Co 


*Trademark, The International Nickel Co., Inc 





Monel “403” alloy has 
low permeability plus 
advantages of Monel alloy 


Monel “403”* alloy is comparable to 
Monel* nickel-copper alloy itself, ex- 
cept that it provides a low magnetic 
permeability. Typical permeability is 
1.004 at room temperature, 200 oersted 
field strength: permeability will not 
exceed 1.1 at 27° F in 0.5 oersted field. 
Like Monel alloy, Monel “403” alloy is 
easy to form, machine, weld, braze, 
solder. Also important, it retains low 
permeability during cold working. 


Pertinent Literature: Write for “Basic 
Data — Monel ‘403’ Alloy.” 
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Varmat is the newest addition to the famous Vartex line of 
quality tapes . . . designed especially for use where 

exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 
dielectric strength. It can be slit to any width and is ideal for 
wrapping. Typical applications include coil windings and cable 
splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 
Brooks Electrical Supply Co., Inc., Baltimore, Md. 


Seba Cals Compety Otiahore Cy, Ohi. New Jersey Wood Finishing Company 


Electrical Insulation Suppliers, Inc., Atlanta, Ga. 
ee ee MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 
Hippler Sales Company, Webster Groves, Mo. 
Insulation Manufacturers Corp., WOODBRIDGE, N. J. 
Chicago, Ill Cleveland, O. 
Dayton, O. Milwaukee, Wis. Varnished Cambric Cloth and Tapes “VARSLOT" Combination Slot Insulation: —— 
Detroit, Mich. Pittsburgh, Pa. Varnished “‘Fibergias"’*t Cloth and Tapes Rag Paper and Vartex Varnished Cambric 
J. F. Kerrigan & Company, Hamden, Conn. Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 
C. D. LaMoree, Berkeley, Calif. Synthetic Resinous Tapes and Extruded Tubing Rag Paper and “Mylar’’* Polyester Film 
Los Angeles, Calif. Cable Wrapping Tapes Asbestos Paper and “Mylar"’* Polyester Film 
W. R. Punt Company, Floral Park, N. Y. Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar’’* Polyester Film 
C. E. Riggs, Inc., Portland, Ore. “VARSIL" Silicone Varnished “Fiberglas"’t Vartex Varnished “Fiberglas”? and 
Seattle, Wash. Cloth and Tapes “Mylar’’* Polyester Film 
White Supply Company, St. Louis, Mo. Special combinations available upon reque 


Export Agent : Lionel-Essex International Corp., New York, N.Y. * Mylar, Du Pont’s registered trademark tFiberglas, Owens-Corning Fiberglas registered trademark 
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LOWER 
CTURING 


.-- with molded 
reinforced polyester 


Assembly time is cut to the bone and machining is elimi- 
nated when you design with ATLAc Thermaflow molding 
compounds in mind. Complex multi-piece assemblies can 
often be molded in one rigid piece, complete with molded- 
in bushings and fittings. Machining is made unnecessary 
by precision molding techniques and excellent surface 
finish. Surfaces need no painting—the part is corrosion 
resistant and available in colors. 


In addition, ATLAc Thermaflow materials offer; 


@ Weight savings: specific gravity 1.8 
@ High impact and flexural strength 
@ Superior corrosion resistance 


@ Excellent electrical insulation and arc tracking resistance 


To the molder— 


ATLAC Thermafiow materials are easy to mold in large 
shapes, with deep draw and intricate detail. Reinforce- 
ment flows evenly throughout the piece . . . no weak spots 
at corners or edges. Compression or transfer mold them 


S | M P L E kK A $ S F M B LY on standard presses, at temperatures from 275-350°F., 


and pressures from 500 psi and up. Curing time is rela- 
tively short. 


FoR \/ 
A wide range of glass fiber and nylon rag reinforced grades 
is available. Write today for literature on materials, 


Bracket and support for refrig- molding recommendations and applications. 
erator liner and evaporator, 
molded of AtLac Thermafiow 
compound, replace (1) multiple- 
piece assembly of steel part, 
spacer and fasteners and (2) 
machined piece of laminate. 
Gave superior thermal insula- 
tion, better shock resistance, 
simplified manufacture. Molded 
for Servel, Inc. by Kurz-Kasch, Pos 
Inc., Dayton, Ohio. h. 

" \IATLAg) ATLAS POWDER COMPANY 
Ver ~~ Chemicals Division 
Wilmington 99, Delaware 


¥ 


X 
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This is the actual size of Heinemann’s new sub-miniature circuit breaker, the 
SM3. It is hermetically sealed, magnetically actuated, has been tested to the hilt 
for reliable operation under all kinds of uncomfortable environmental conditions, 
terrestial and celestial. And with all this, it weighs just a scant 2.1 ounces. 


This is how the breaker looks inside. As you can see, it has been deftly engi 
neered down to the last pivot pin. What you can’t see is how dependably it works, 
come heat or high water. For example: it will steadfastly hold rated current 
and set trip points at any ambient temperature, has demonstrated satisfactory 
operation from a frigid — 40°C. to a steamy 100°C. De-rating is never necessary. 





CIRCUIT BREAKERS 
seman e cacanimes 





This is the book with the facts and figures you will want to have, if you think 
the rugged little SM3 will fit in with your portable, airborne or sea-going equip- 
ment. Clearly and concisely, it tells you about such things as available time delays 
(there are two, fast and slow), current ratings (0.050 to 10 amperes, integral or 
fractional), and voltage ratings (110V, 60 cycles; 110V, 400 cycles; 50V DC). 
We'll rush a copy to you just as soon as we receive your request for Bulletin 3502. 


HEINEMANN ELECTRIC COMPANY <@> 99 PLUM ST., TRENTON 2, N.J. 


S.A. 1641 


NOVEMBER 1958 Circle 135 on page 17 53 













































standard 5 hp motor. 





















































applications for short motors. 




























From Century Electric 


A NEW MOTOR 


up to five inches shorter 


Century Electric 5 hp short motor is 4% inches shorter than 


(above) Standard flange gives flexibility in mounting. Mo- 
tor can be installed horizontally or vertically. 


(below) This compact power roof exhauster is typical of 


You have greater product design freedom 
with the new Century Electric short motor. It 
is two and a half to five inches shorter, but has 
all standard integral motor features. Here are 
the benefits: 


Save space and weight — Your 
product can be smaller, lighter, a different shape 
. .. because the new motor is up to 35% shorter 
and has less bulk and overhang. Means you 
also reduce handling costs—both in receiving 
motors and shipping your product. 


Easy mounting —You can use this mo- 
tor in place of any standard end-mounted mo- 
tor because it has a standard flange. It can also 
be mounted horizontally, vertically, or at any 
angle. Its small size makes it possible to mount 
the motor in a variety of places on equipment. 


Variety of applications —You can 
get the new Century Electric short motor in 
totally enclosed or open frames and in ratings 
up to 15 hp. You can use it on many applications 
such as machine tools, roof ventilators, pumps 
and centrifuges. And it has the same quality 
features and high standards of all of Century 
Electric’s complete line—up to 400 hp. 


More than a motor =This motor is 
the result of a continuing search for ways to 
meet industry’s needs. Another reason why you 
get more than a motor from Century Electric. 

For more information, contact your nearest 
Century Electric Sales Office or Authorized 
Distributor. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


CL. 
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Idling at 70° below zero—or pushing at 127° 


one 


TRADE-MARK 


These mammoth material movers 
push, carry, pull and lift over ter- 
rain that stops many machines. 
Working temperatures vary as much 
as 200 degrees, says H. H. Frasch, 
“National” Carbon Brush Man. 

Rugged brushes are vital, Frasch 
continues, because each wheel is 
geared directly to a high torque DC motor. 

For motors and generators, the manufacturer chose 


H. H. FRASCH 


"National", "N” and Shield Device, and "Union Carbide” are registered trade-marks of Union Carbide Corporation 


TIONAL brush fits both jobs! 


“National” Brush grade SA-45. RESULT: excellent cold 
weather performance, even under idling and stalling 
loads—excellent tropical performance, even where com- 
mutator speeds reach 5,000 RPM. 

Further, NATIONAL CARBON’S one-brush solution sim- 
plified brush ordering and gave the customer maximum 
quantity discounts. Call your “National” Brush Man next 
time you have a problem or write to National Carbon 
Company, Division of Union Carbide Corporation, 
30 East 42nd Street, New York 17, N. Y. 


eh ited. 
ber Ne d=ile] = 


NATIONAL CARBON COMPANY - Division of Union Carbide Corporation + 30 East 42nd Street, New York 17, N.Y. 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. Im Canada: Union Carbide Canada Limited, Toronto 
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General Electric Semiconductor News 


New 45-volt silicon transistor absorbs 


Photomicrograph of new 45-volt silicon transistor showing 
Fixed Bed Mounting. Note that all parts are firmly fastened 
to each other, with no suspended parts except the wire lead. 
Transistor reacts as a solid block in resisting shock and vibra- 
tion. Test units have been fired from a shotgun, struck with 
o golf club, and rattled freely in an auto hub cap for more 
than 700 miles. In each case they worked perfectly afterward. 


Silicon bar 


Base lead 


Gold alloy 
base-lead area 


Ceramic disk 


20% safety factor announced for 
low-current silicon rectifiers 


Designers who now apply their own safety factor to the 
published peak inverse voltage rating may avoid this step by 
using G-E low-current silicon rectifiers. 








General Electric’s PIV figures are set by allowing a 20% 
safety margin at —65°C. This margin is applied at the point 
of sharp breakdown voltage and increases with temperature 
until a maximum safety factor of 33% is reached at 150°C. 

If you are derating published PIV figures to provide over- 
voltage protection, you may be buying costlier cells than you 
need. or. in series applications, more cells than necessary. 
Thus the built-in safety margin of G-E low-current silicon 
rectifiers could save you money. Note: This safety factor is ae Ovi 
provided for over-voltage protection only. Designs should. Vehage | OC veh | Amb) 


in all cases, be maintained within published maximum ratings. 1536-40 35-420 so-soo | 250 
< 1N 1095-96 series 


% Safety Factor Above PIV 


Maximum Ratings and Specifications 








This is only one reason why you should consider G-E low- 


1N440B series 
current silicon rectifiers for all your power requirements. 





You'll find these devices more attractive to use than ever 1§1487-92 series 
before—both in quality and price—with equally fine values 
in low-current silicon stacks. Stud-mounted units are also 
available. Ask your G-E semiconductor representative for the 
“big news” on low-current silicon rectifiers, 





1N 1692-95 series 
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abuse far beyond present specs— 


and keeps on working! 


2N336 2N337 








Current Transfer 
Ratio 





Alphe Cutoff 





Collector Capacity 
(f 1 me) 





Collector Break- 
down Voltage 
heey 50,0, 0) 





Collector Soture- 
tion Resistance 
(1, 2.2me, 

t. Sma) 


Collector Current 

(Vee 30V,1, 0) 

(Vee SVL 0, 
T. 150°C) 











Common Emitter 
Current Gain 
(Min DC beta 

at 10ma) 























Fixed Bed Mounting and super-clean processing result in superior 


electrical reliability and stability 


This new series of high-voltage silicon transistors promises designers 
more reliable physical and electrical performance than ever before in 
amplifying and switching circuits. Fixed Bed Mounted transistors have 
been tested in some cases to more than twice present requirements -72 
inch drop test instead of 30 inches, 1300 G shock test instead of 500- 


without evidence of failure. 


Fixed Bed Mounting also results in improved uniformity of electrical 
parameters (controlled, low saturation resistance is an example). Im- 
proved processing does the rest. No fluxes, solders or resins are used. 
only a high-temperature-melting gold alloy which forms an integral bond 
between all parts. This, plus a new surface treatment, yields a series of 
transistors with highly stable I.. and beta under conditions of storage 


and operating life at maximum ratings. 


Manufacturers who have tested the first sample units report “extremely 
consistent parameters.” Mechanically, Fixed Bed Mounting obsoletes all 
present standards of performance for silicon transistors. Test these re- 
markably reliable transistors yourself. Ask your G-E semiconductor 


representative for complete details. 


RESIS SERRE 1 SR eR IRE SOSA ERNE SAMI NI = MMR. SE 8 a Rs, 
More G-E transistors meet Air Force 


Absolute Maximum Ratings (25°C 


Voltages 
Collector to Base : — 45 volts 
Collector to Emitter — 30 volts 
Emitter to Base Vr — 5 volts 
Collector Current : — 300 ma 
Temperatures 


specifications 


In the latest Air Force Military Qualified Products List you will 
find the following listings: USAF 2N43A per MIL-T-19500 18 
(USAF), USAF 2N44A per MIL-T-19500 /6 (USAF). 


Storage Max. + 100°C Min. —65°C 


Operating Junction Max. + 85°C 
D-C Electrical Characteristics (25°C 


USAF USAF 
Forward Current Gain, 2N43A 2N44A 
Common Emitter lc /In 
Vee= —1V; Ic= —100ma) hres 48 25 


These are General Electric’s familiar germanium audio PNP 
transistors which have been widely used in civilian applications 
for the past several years. If you are designing transistorized 
equipment for the military, remember that G.E.’s ‘43A and ‘44A 
are now officially approved. 





For fast delivery, lower prices, see your 
local G-E distributor! 


General Electric standard-type transistors and rectifiers are Prog ks Our Most /mportant Product 


now being sold by your local G-E tube distributor for within 


iol Gre hin s wall We fehconan hel peta ms GENERAL @@) ELECTRIC 


prices hard to beat. 


General Electric Company, Semiconductor Products Department, 
Section $20118, Electronics Park, Syracuse, N. Y. 
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Another SHERWIN-WILLIAMS first! 


AJAX 


WATER-REDUCIBLE 


EMULSION INSULATING VARNISH 
V61 V 28 (formerly V61 VC 69) 





Ordinary tap water thins new emulsion 


varnish, eliminating fire hazards Standard dipping procedures produce Emulsion varnish is milky white 
and costs of usual solvents. deep penetration and impregnation. before curing, clear amber after. 


Now available in thoroughly proved and tested formulations, 
No wire enamel attack Sherwin-Williams Emulsion Insulating Varnishes open up new 
savings—and new safety—for electrical equipment makers. 
Because only common tap water is used as a thinner, costs 
No solvent hazards and hazards of usual solvents are eliminated. Ajax Emulsion 
Insulating Varnishes* will not burn nor support combustion. 
No solvent storage Because the varnishes in liquid form are emulsions, not 
solutions, the film-forming resin particles are held in a finely 
dispersed suspension, and never are actually soluble in water 
No solvent costs either before or after application. Thus, the cured films are 
at no time subject to attack from moisture to any greater 
Superior build degree than top-quality solvent-type films. 
Ajax Emulsion Insulating Varnish V61 V 28 is a Class-A. 
Excellent bonding varnish, tested and approved for use on motors, generators 
and similar applications. It has excellent bond strength and 
resistance to oils, solvents, chemicals and moisture. Write for 
details—ask for Brochure IN-204. The Sherwin-Williams Co., 
General Industrial Division, Cleveland 1, Ohio. In Canada, 
2875 Centre St., Montreal. Offices and branches in principal cities. 
*U.S. Patent Allowed 





One of the complete line of 


SHERWIN-WILLIAMS INSULATING MATERIALS 
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HERE’S WHY P&B’s 


PR POWER RELAY IS PREFERRED 


for high current/voltage switching 


HEAVY DUTY construction means 
long-term dependability when switching up to 
20 amperes (double break contacts). Here is a 
ruggedly built relay, packed with high quality 
features, yet economically priced. 

The PR’s full floating movable contact car- 
rier, for example, provides excellent contact 
pressure and ample wipe for self-cleaning 
contact action. The coil is centrifugally im- 
pregnated with top-grade varnish to eliminate 
moisture traps. 

Contact arrangements up to DPDT are 
available. The PR has been adapted for printed 
circuitry and heavy duty plug-in applications. 

All standard AC actuated PR relays may 
carry the UL and Canadian Standards Associ- 
ation seals of approval. Write or call for com- 
plete information. 


GENERAL SPECIFICATIONS: 
Breakdown Voltage: 1500 volts rms min. between all 
elements and ground. 
Ambient Temperature: DC: —55° to +85°C. 
AC: —55° to +4-55°C. 
Terminals: Heavy duty screw type. Standard printed 
circuit pins or plug-in on request. 
Enclosures: PR dust cover. 


CONTACTS: 
Arrangements: Up to 2 Form C (DPDT). 
Material: 5/16” dia. silver or silver cadmium oxide. 
(Others available) 
Lead: Single break: 15 amps; Double break: 20 amps at 
115 volts 60 cycle AC resistive. 


AUXILIARY CONTACTS: 
Arrangements: | Form A, B or C. 


Material: 3/16” diameter silver 
Rating: 5 amps at 115 volts 60 cycle AC resistive. 


COILS: 
Resistance: 64,000 ohms maximum. 
Power: 1.8 watts DC; 9.8 volt-amps AC. 
Duty: Continuous AC or DC (DC coils will withstand 10 
watts at 25°C). 
Insulation: Centrifugally impregnated with high quality 
varnish. 
Mowuntings: 2 holes .187” diameter 17/g” 0.c. 
PR aay Approved By Underwriters’ Laboratories 
nadian Standards Association 
Contact Contact 
Type Arrangement* Type Arrangement* 
PRIAY SPST-NO PRSAY SPDT 
PR2AY SPST-NC PR7AY OPST-NO 
PR3AY SPDT-NO-DM PREAY DPST-NC 
PR4AY SPDT-NC-DB PRITAY DPOT 
These relays are available in any of the following 
operating voltages: 6, 12, 24, 48, 115, 208, 230, or 440 
volts 50/60 cycles AC. 
The contacts are rated at: 13 amps, 115 volts AC. 6.5 
amps, 230 volts AC. 1 hp for 115 or 230 volt AC motors. 
Any relays deviating electrically or physically from these 
standard models will not carry U/L or CSA approval. 
*Read: NO normally open, NC normally closed, DB 
double break, DM double make. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


SINGLE POLE DOUBLE THROW VERSION 


PR 5 (SPDT) has all the heavy-duty features of other 
models in this series. 


PR WITH AUXILIARY CONTACTS 


All PR models con be equipped with avuxilliary con- 
tacts in} Form A, B, or C arrangements. 


POTTER & BRUMEFIEUMD JING. 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 





Now, Immediate Delivery from Stock on 


GENERAL CERAMICS SPECIAL 
PURPOSE FERRITE CORES 
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Rush service for designers - use 
this handy materials selector chart 











SHAPES 

Cup cores, toroids, 
C-cores, E-cores, 
__Slugs 

~ Cup cores, threaded 
cores, toroids 


FREQUENCY 
up to 200 kcs 
200 kcs-10 mcs 
10 mcs-80 mcs _ 
~ 465 mcs 

mcs 
other 


Ferrite Cores available 
in various materials for 
development and design 
engineers to cover 
specific frequency bands 
of operation from 1 KC 
to 50 megacycles. General 
Ceramics provides extra- 


APPLICATION 
Filter inductors 


DESIRED PROPERTIES 


High LQ, magnetic stability, 
sometimes adjustable 


—_ 
‘on 


BODY 





“oi” 
“Q.2" 
a1" 
“Q.2" 
Materials for filter 
inductors apply _ 
“a1” 
a2" _ 
= 3”, 


“a1” 


IF Transformers Moderate Q, high}, 
magnetic stability, 
adjustable 

5-10 mcs Rods, flat strips 
10.50 mcs _ 
1 kc- 400 kcs 
1 ke-1 me 
200 kcs-30 mcs 
10mes-100mcs_ “Q:2”_ 


Antennae Cores +~—«-ModerateQ, high, _ 
___ Magnetic stability 
High, moderately __ 
low loss 


~ Cup cores, toroids, 
C-cores, E-cores 


Wide Band 
Transformers 


fast service on sample Adjustable Inductors Hight, moderately — 


quantities for develop- 
ment and will make 
prompt delivery on pro- 
duction parts in reason- 
able quantities. Call, 
wire or write General 
Ceramics Corporation, 
Keasbey, New Jersey. 


Tuners 


Pulse Transformers 


Recording Heads 


low loss 


~ Hight, moderate tohighQ, 
magnetic stability, as much 
as 10 to 1 adjustability with 
mechanical or biasing 
methods 


Same as Wide ~ Same as Wide 
Band Transformers Band Transformers 


~ For high Q selective 
circuits, materials under 
filter inductors apply. 
For others, materials 
under wide band 
transformers apply 


Up to 100 mcs _ 





a High PL, low loss, high 


saturation _— 
High i, low loss, high 
saturation, resistance 

to wear 


~~ Materials under wide 
band transformers é apply 
“y" 
“0-3”, 


Pulse 


Audio, pulse 
i" 


~~ Rods, threaded 


cores, tunable cup 
cores : = 
Threaded cores or 
rods for mechanical 
tuning . Toroids, 
C-cores, E-cores for 
biasing methods 


~ Cup cores, toroids, 


C-cores,E-cores 





Please direct inquiries 
to Dept. ME. 
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GENERAL CERAMICS 


Industrial Ceramics for Industrial Progress... 


Since 1906 


ELECTRICAL MANUFACTURING 





WRITE, outlining qualifications 

and experience, to: 

Mr. T. P. Bianco, Dept. 551 Y 

IBM Special Engineering Products Div. 
North Hamilton Street 

Poughkeepsie, N. Y. 


offers a free hand 

to creative engineers and scientists 
in IBM’s new 

Special Engineering Products Division 


If you'd like to exercise a free hand in solving problems 
never encountered before . . . if you want to work on 
small teams, where individual merit can be quickly 
recognized .. . if you're looking for ground-floor oppor- 
tunities plus the job stability accruing from employment 
with a well-established firm . . . then you should con- 
sider the career opportunities now available at IBM's 
new Special Engineering Products Division. 


S.E.P.D. was created to apply IBM's wealth of systems 
knowledge to the development of special-purpose preci- 
sion equipment related to, but outside of, IBM's regular 
line of products. Immediately required are creative 
engineers and scientists — men who enjoy the chal- 
lenge of working independently on a wide variety of 
unique assignments. 


OPPORTUNITIES NOW AVAILABLE INCLUDE... 

Advanced component design 

Analog or digital computers 

Automation 

Data, conversion, transmission, processing or display 
systems 

Design of intricate mechanisms 

Electronic packaging 

Industrial controls 

Instrumentation 

Optical systems and optical mechanisms 

Servo systems 

Solid-state devices and applications 

Telemetering 


QUALIFICATIONS: 
B.S., M.S., or Ph.D. degree in E.E., M.E., Physics, or 
Mathematics. Industrial experience desirable. 


At S.E.P.D., you will find all the ground-floor opportuni- 
ties of a new company. You will work on smal! teams 
where individual merit is quickly recognized. Assign- 
ments are varied and far from routine, and you will have 
IBM's experienced specialists and technicians for sup- 
port. In addition, you will enjoy all the advantages of 
IBM employment, including job stability, liberal com- 
pany benefits, and excellent salaries. 





SPECIAL ENG'G PRODUCTS 
SPECIAL DATA PROCESSING 

ELECTRIC TYPEWRITERS 
ENGINEERING 


MILITARY PRODUCTS 
PRODUCTS SUPPLIES 


TIME EQUIPMENT 








IBM Laboratories and Manufacturing Plants are located in: Burlington, Vt.; Poughkeepsie, Owego. Endicott. Kingston. N. Y.; Rochester, Minn.: Lexington, Ky.: and San Jose. Calif 





PYRAMIDING 
DESIGN 
TALENT 


Thin sections, holes, bosses, metal 
savers, odd shapes all produced in a 
split second—from molten metal. 

No other process can compete with 


it h MA D ' this for eye appeal or low cost. 
zinc eT astings 





When product designers send preliminary drawings for critical review by 
the seasoned Madison-Kipp mechanics, it has often proved to be the decisive 


factor in the ultimate design of the component parts. 


The original designer thoroughly understands the function of his product. 
We thoroughly understand die casting and machining problems. Combining the 


two skills at an early period of development is logical and valuable. 


Our customers of long standing always utilize this system which virtually 


pyramids design talent for successful high production manufacturing. 


Please clip this ad as a reminder to contact us when you have die casting 


requirements. 


MADISON-KIPP CORPORATION 
214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Al 


e@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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TYPE RC-20 (14-watt) 
bs —4 pg —+| + 22 


i! a ae 


TYPE RC-32 (1-watt) 











This is the kind of 








ZZ LL 


TYPE RC-42 (2-watts) 


NO SMALLER RESISTORS AVAILABLE 
IN THESE WATTAGE RATINGS! 


PLUS PERFORMANCE 


You get when you specify COLDITE 70Q+ resistors 


This performance table for the RC-32 (short) 1-watt Coldite 
70+ Resistors speaks for itself. Similar test data proving 
equally good performance for the RC-20 ('2-watt) and 
RC-42 (2-watt) units will gladly be sent on request to: 
Electronic Components Division, Stackpole Carbon Company, 
St. Marys, Pennsylvania. 


RESISTANCE-TEMPERATURE 
CHARACTERISTICS 
@—15 C 
@ —55C 

65 C 
+105 C 
VOLTAGE COEFFICIENT per voit 
LOW-TEMPERATURE STORAGE 
LOW-TEMPERATURE OPERATION 
TEMPERATURE CYCLING 
MOISTURE RESISTANCE 


SHORT TIME OVERLOAD 
LOAD LIFE at 70C 
after 50 hours 
after 250 hours 
after 500 hours 
after 1000 hours 
LEAD TWIST TEST 
EFFECT OF SOLDERING 


DIELECTRIC STRENGTH All! Stackpole Type RC-32 Coldite 70-+- 
Resistors withstand 1000 volts r.m.s, at atmospheric pressure 
for 5 seconds as well as 625 volts r.m.s, at 3.4 inches of mercury 
for 5 seconds without damage, arcing or breakdown. 


oloiife 70* 


fixed composition resistors 


NOVEMBER 1938 


NO SOLDERING PROBLEMS! You'll get faster, better pro- 
duction—either manual or automatic—with Coldite 70+ than 
with any other resistors of their type! Hot tin dipping of leads 
assures real “solderability.” What’s more, the resistors can be 
supplied oriented and aligned on reel packs, 


Average Percent Resistance Change 





10 ohms 270,000 ohms 22 megohms 





OLDITE 70+- MIL-R-118 COLDITE 70+ MIL-R-11B COLDITE 70; MIL-R-118 





3.25 2.2 7.5 6.7 12.5 
6.5 6.2 15.0 15.7 25.0 
2.5 1.1 5.0 4.0 7.5 
5.0 5.7 10.0 3.7 15.0 





Not applicable 0.0068 0.0200 0.0160 0.0200 





0.1 2.0 0.1 2.0 1.0 2.0 





0.1 3.0 0.2 3.0 0.5 3.0 





1.1 4.0 0.2 4.0 





7.4 10.0 3.2 10.0 





0.13 2.5 0.2 2.5 





6.0 
6.0 
6.0 
6.0 


0.25 
0.9 
1.9 
2.3 


6.0 
6.0 
6.0 
6.0 





1.0 0.1 1.0 





3.0 0.4 3.0 


TERMINAL SECURITY All Stackpole Coldite 70+ Resistors with- 
Stand the standard 5-pound pull test. 


Setting the standards by which other 
resistors will be judged. 


FIXED AND VARIABLE COMPOSITION RESISTORS e@ SNAP AND SLIDE 

SWITCHES *« CERAMAG® FERROMAGNETIC CORES « FIXED COMPOSI- 

TION CAPACITORS * IRON CORES + CERAMAGNET® CERAMIC MAGNETS 

BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT ELECTRICAL 

CONTACTS e AND HUNDREDS OF RELATED CARBON, GRAPHITE AND 
METAL POWDER PRODUCTS 
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makes it easy to select the right 
“SCOTCHCAST’ BRAND RESIN! 


A helpful data folder now lets you choose 

from 12 resin formulas for most applications 
Which resin is right for your need? Room- lies. There is a “Scotchcast’’ Brand Resin 
curing or heat curing? Rigid or flexible? Filled that’s right for every need. 


9 a ' ; A 
or unfilled? “Scotchcast”’ Resins are production-designed 





; and extensively tested and proved in actual 
You'll find the answers to these questions— applications. Formulated in one-part systems, 
and many more—in our convenient new 6- and two-part systems using simple mixing 
page data folder. Its simplified classification ratios such as 2-to-1 or I-to-1, they reduce 
spice maaton anaes - the right “Scotch- the need for extensive mixing and dispens- 
cast” Resin a fast, easy Job. ing equipment and highly-trained personnel. 


* 
9 
g 
Le | 
oo 
x 


“Scotchcast”’ Brand electrical insulating epoxy FOR COMPLETE 
resins are pre-formulated, pre-measured, re- INFORMATION 
sin-hardener systems—complete, ready to mix on “Scotchcast” Resins, 


and use right on the job. They have excellent and how to choose the 
right resin for your need, 


, : write on your letterhead 
ing cure, high adhesion to most materials and to 3M, Dept. BY-118 


electrical properties, minimum shrinkage dur- 


remarkable resistance to oils, acids and alka- St. Paul 6, Minnesota. 


SCOTCHCAST 


BRAND 


RESINS 


ADEMARK ™ AUL 6, MINN, EXPORT ARK AVEN NEW ANADAr LONDON 


ae Minne ano ]/[Anuracturinc company € MY 


- «+ WHERE RESEARCH IS THE KEY TO TOMORROW «ct 
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SYLVANIA WIRE 


1. Silver Plated Copperweld 
2. Kulgrid” 28 

3. Nickel Plated Copper 

4. Silver Plated Copper 

5. Oxalloy” 28 

6. Inconel Clad Copper 


+ ate 


*Trade-mark 


Can you match these Sylvania 


High Temperature Wires 


with their applications? 


Ger THEM ALL RIGHT? Then you’re 
right up to date on Sylvania composite 
wires for high-temperature applications 
in corrosive and oxidizing atmospheres 
where good conductivity is required. 
(You can check your answers with the 
chart below.) 

You may be interested in knowing, 
too, that new wires are under develop- 
ment, improving the conductivity and 
corrosion-resistance of plated and clad 
wires to operate in various ranges from 
500° F to 2000° F. 

A new “barrier” layer concept, im- 
proved coatings, and new composites 
such as aluminum-clad copper indicate 
the amount of effort and importance 
Sylvania places on its high-temperature 
wire development program. 

If you’re not yet completely familiar 
with Sylvania High Temperature Wires, 


write for your ‘Product Bulletin.”’ As 
a major supplier of both clad and plated 
wires, Sylvania is in a unique position 
to offer objective recommendations on 
the best wire for your application. Ad- 
dress your inquiry to 
SyYLVANIA ELEcTRIC Propucts INc., 
Parts Division, Warren, Penna. 





Nickel Plated 


Oxalloy* 28 
| 
Inconel Clad 
Copper 28 
] 
Kulgrid® 28 





SAFE OPERATING TEMPERATURE 


Copper 


Silver Plated 
Copperweld 


| 


Silver Plated 








¥ SYLVANIA 


LIGHTING - TELEVISION - 


RADIO - 


ELECTRONICS 


PHOTOGRAPHY: ATOMIC ENERGY + CHEMISTRY- METALLURGY 
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Custom Molded Fiastics 
Custom Metal Stampings 
Custom Welded Parts 
Alloy, Clad, Plated Wire 
Plated Metal Strip 
Electronic Components 
Fivorescent Components 
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[YTS] high-torque low-current DC motor 
covers extended range of output speeds 


The new Cramer Type 800 direct current motor 
offers an unusually wide range of output speeds, 
coupled with low current drain, high torque, high 
efficiency, and excellent speed stability. These features 
make it the ideal choice for timing devices, remote 
control equipment, recorders, signalling equipment, 
communications gear, displays, flashers, chart trans- 


ports, and many other products. 


Wide Performance Range 


Depending on requirements of speed, torque, 
and voltage, the rotor is wound to produce a 
basic motor speed of 960 to 3000 rpm. A gear 
train then reduces this to the speed required 
at the output shaft. Low rotor speeds result in 
lower current drain at all speed-torque com- 
binations, but limit the torque available at the 
higher output speeds. Higher rotor speeds re- 
quire a somewhat higher input current, but 
greatly increase the torque available at the 
higher output speeds. 

The Table at lower right illustrates this flexi- 
bility of design, with a few examples from the 
Virtually unlimited range of performance charac- 
teristics which it provides. Where very low input 
current is required, and the supply voltage does 
not exceed 12 volts, the use of the low-speed 
rotor will provide 30 oz. in. at speeds below 
3 rpm and 0.5 oz. in. at 200 rpm. The higher 
speed rotors meet the requirements of higher 
input voltages, and provide greatly increased 
torque at the higher output speeds with only a 
moderate increase in current drain. The high- 
torque motor has the additional advantage of 
speed stability within 10% from no-load to full- 
load, at speeds below 5 rpm. 

The examples given in the Table are for illus- 
tration only. By correct choice of rotor winding 
and gear ratio, an unlimited number of operat- 
ing specifications can be established throughout 
the entire range shown. The motor is also avail- 
able without gear train, for output torques of 
0.1 to 0.6 oz. in. at speeds up to 3000 rpm. 


Specifications 


SPEEDS — 2 rpd to 900 rpm with gear train, 960 rpm 
to 3000 rpm without gear train. 


TORQUE — 0.1 to 0.6 oz. in. without gear train, and 
to 30 oz. in. with gear train. 


CURRENT DRAIN — as low as 30 milliamperes, de- 
pending on voltage, load and speed. 


VOLTAGES — from 3 to 30 volts DC. 


REVERSING OPERATION — with negligible speed dif- 
ference, because of special motor design. 


GEARS — precision-hobbed throughout, totally en- 
closed and with sealed-in lubricant. 


NOVEMBER 1958 


Type 800 DC motor with standard gear 
train — shown 50% oversize 





OUTPUT 960 RPM ROTOR 3000 RPM ROTOR 
SPEEDS LOW INPUT CURRENT HIGH OUTPUT TORQUE 
WITH (3 to 12 volts DC) (3 to 30 volts DC) 


GEAR INPUT OUTPUT INPUT 
TRAINS VOLT- TORQUE VOLT- 
AMPERES 0Z. IN. AMPERES 





2 rpd .16 30 
1/6 rpm .16 30 
3 rpm Br 24 
10 rpm Be 8.5 1.04 
30 rpm ae 3.0 1.72 
60 rpm 35 1.5 1.72 
80 rpm RK , 1.72 
200 rpm ao ‘ 1.72 
900 rpm Breed ; 1.90 

















Typical Performance of Type 800 DC Motors for 
Minimum Input Current or Maximum Output Torque 


For your free copy of informative Bulletin PB-800, write: 


CRAMER CONTROLS 


CORPORATION 
Box 8, Centerbrook, Connecticut 
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PERFORMANCE PROVEN 


-e-e- FOR OVER 25 YEARS 


tg 


H-H Long-Life Resistors 


RESISTORS 


and 


RHEOSTATS 
(=) 
i oe 


Blue Ribbon Resistors 


Gray Line Resistors 


Rugged blue ribbon resis- 
tors provide higher watt- 
age ratings per unit, save 
space and weight. Con- 
struction features high 
temperature, vitreous 
enamel, crazeless coating 
for maximum moisture re- 
sistance. Aluminum thru- 
bar distributes heat uni- 
formly. Corrosion resistant 
and vibration-proof. 


These dependable resis- 
tors feature high tempera- 
ture gray enamel coating 
and stronger core for 
extra dependability under 
the most extreme operat- 
ing conditions. All wire 
connections on H-H Long 
Life Resistors feature all 
welded construction. The 
fixed, ferrule and adjust- 
able types meet MIL-R-26 
specifications. 


TYPE A RHEOSTATS (25 Watts) 


Functions smoothly under 
the most adverse condi- 
tions. Terminals of strong, 
corrosion resistant alloy, 
are permanently welded 
to winding form. Wound 
ring is made an integral 
part of the refractory base 
by vitreous enamel. Shafts 
are insulated. Three ter- 
minals permit use as po- 
tentiometer or rheostat. 


TYPE AM RHEOSTATS (25 Watts) 


Featuring porcelam-vitre- 
ous enamel construction, 
Type AM rheostats are ex- 
ceptionally rugged, com- 
pact and possess excellent 
heat dissipating character- 
istics. Resistive element 
is wound on a flat, pure 
mica form, placed within 
a refractory base and com- 
pletely embedded in vitre- 
ous enamel. 


TYPE AMS RHEOSTATS (25 Watts) 


This type Hardwick Hindle 
Rheostat includes all the 
electrical and mechanical 
advantages featured in the 
Type AM with lug termin- 
als. However, Type AMS 
Rheostats incorporate 
screw type terminals. 


TYPE H RHEOSTATS (50 to 1000 Ww.) 


Hardwick Hindle quality components offer circuit 
designers and engineers exclusive electrical and 


mechanical features. 


These design 


“plus” factors 


provide complete dependability where severe 
operating environments are encountered in 
commercial or military service. Complete data 
on H-H Rheostats and Resistors is available on 
request. Call or write for illustrated resistor 
and rheostat cat: ilogs today! 

Standard stock items available for 

immediate delivery from authorized 

local electronic parts distributors. 


The Mark of Quality Since 1924 


40 HERMON ST., 
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NEWARK 5, N.J., 


High temperature enamel 
affords maximum safety 
under overloading. H-H 
bus-bar construction pro- 
vides ample resistance, 
ample safety under maxi- 
mum current require- 
ments. Constant pressure 
contact arm provides trou- 
ble-free operation. 


U.S.A 
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AL PREVIEW 


OF A NEW SOURCE OF QUALITY STAINLESS SHEET & STRIP 


Steel buyers everywhere will welcome J & L’s new source With the completion of this integrated cold rolling oper- 
of constant high quality stainless sheet and strip. The ation, J & L is equipped with the finest facilities in the 
completely new stainless mill, located at Louisville, Ohio, industry to produce stainless steel strip and sheets to 
has successfully passed through its shake-down runs and extremely close tolerances in widths up to 48 inches. 
is now ready for full capacity production. Write for your copy of J & L’s Sheet and Strip Manual today. 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION + Box 4606, Detroit 34 




















ONE OF THESE 
WILL DO 


NEW 
TYPE (A) 


Really Small in 
/ Size and 
Cost! 


for applications 
requiring 


shorter timing periods, 
+15% accuracy and 


no interlocks Write for Timer Bulletin 9050 


Address Square D Company, 
4041 North Richards Street, Milwaukee 12, Wisconsin 


now...EC&M propucts are A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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KRALLE 


SQUARE D TIMERS 


YOUR JOB...Zyacily/ 


Machine Tool 
hiclalelelas 
Jel miutola-Mialela 
20 Years! 


for applications 
requiring 


timing periods 
up to 3 minutes, 


maximum accuracy and COMPARISON TYPE A TYPE B 
Timing Period .2 to 1 min. .2 to 3 min. 
1 or 2 instantaneous Koourecy $15% £10% 
" Interlocks None Max.2 Double Circuit 
interlocks Panel Space 2%" x 4" 2%" x 7%" 
Convertible Xe Y 
Delay-On - Delay-Ott es es 
Maximum Voltage, AC-DC 600 V. AC only 600 V. AC - 250 V. DC 
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GENERAL PLATE 


Copper Cored Glass Sealing Wire Features 
a Sound Metallurgical Bond 


... And Gives You These Advantages... 


GLASS SEALING ALLOY 


COPPER CORE 


e@ Leakproof Seal between Alloy 
and Core 


e@ High Electrical Conductivity 

@ Increased Thermal Conductivity 

e@ Coefficient of Expansion Matches Glass 
e@ Facilitates Miniaturization 


e@ Cuts Costs 


General Plate Copper Cored Alloy Wire (33% copper 
clad core, 67% glass sealing alloy) gives you three times 
greater electrical conductivity than solid #52 alloy wire of 
equal diameter. 

This means you can substantially increase the current 
carrying capacity of your solid sealed leads without going 
to larger diameters — or, if you have a miniaturization 
problem, you can reduce sealing wire diameters corre- 
spondingly. The sound metallurgical bond between the 
copper core and outer shell eliminates any air or gas leaks 
in the wire. 


You Can Profit by using 
General Plate Clad Metals 
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METALS & CONTROLS 


General Plate Division 


FIELD OFFICES: NEW YORK * CHICAGO ® DETROIT * INDIANAPOLIS * MILWAUKEE * PASADENA 


General Plate Copper Cored Glass Sealing Wires are 
used for better performance in glass-to-metal seals in 
hermetically sealed devices such as switches, relays, coils, 
controls, vacuum tubes and semiconductors. 

They are available in 452 alloy, Type 446 stainless, low 
carbon steel, Kovar* and other glass sealing alloys. Write 
for Bulletin IND-15. 

For details on the complete line of General Plate Clad 
Metals, ask for a free copy of GP-1 Catalog. 


MW 


*T.M, Registered Carborundum Co. 


CORPORATION 


1911 Forest Street, Attleboro, Mass. 
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Coaxials. 
Screw-type 

coupr 
Low , 


for 50-, 70-, 
93-ohm cable 





td 


K miniatures 
3 to cts 
3 dif 
afrangements 








a 
J 


DP Type 
Rack-Panel- 








chassis 


Miniatures 


3, 6, 12 contact 
alts for . 


rugged Ose 


D Sub-Miniatures 

9 to 50 contacts 
Same space... 
same weight! 


Cannon Miniature and Sub-Miniature Plugs are rugged, 
easy mating, unusually versatile, neat and compact. 
When you design with Cannon Miniatures in mind 
you'll get complete electrical circuit depend- 
ability in a very small space. Up to 50 contacts 

in 14 or ¥% the area taken by standard multi- 


contact connectors! 


Rectangular and circular types. Hermetically 
sealed, vibration and moisture resistant, and 
general purpose designs. Contacts for 5, 10, 
15, 25 amps...and miniature coaxial connec- 
tors. Practically all five ampere contacts are 
gold plated. High dielectric insulation in 
phenolics, resilient materials, glass seals, 
Zytel, Diallyl] Phthalate and Melamine. Alu- 
minum alloy or steel shells, depending upon 


application. 


Miniature lines include: DPA, DPX, DPM, DPG, 
K, MM, MR and Diamond MB and SM Coaxial 
connectors. Sub-miniatures: D, MC, and Diamond 


DIC Coaxial connectors. 


Write TODAY for new 32-page 2-color Miniatures 
Bulletin HMC-2. Also, write for Bulletin SM-1, 


“Soldering Small Contacts.” 


For an interesting discussion of the broad subject of “Reliability; 
write for Cannon Bulletin R-1. 


WHERE RELIABILITY 
IS THE 5™ DIMENSION 


Please refer to Dept. 500 


CANNON ELEGTRIC CO., 3208 Humboldt Street, Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; 
Toronto, Canada; Melbourne, Australia; Landon, England. Manu- 
facturing licensees in Paris and Tokyo. Representatives and dis- 
tributors in all principal cities. See your Telephone Yellow Book. 
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287% More Load-Carrying Capacity! 


Westinghouse 48-Frame Motors Give You 28% More 
Load-Carrying Capacity Than Ordinary Motors 


Here’s still another case where Westinghouse fhp motors give 
you that “‘something extra’—the motor feature that makes 
your own product more salable. 

This time it’s a %-inch-diameter bearing where ordinary 
fhp motors are using smaller, }2-inch bearings of the same 
length. It means that the Westinghouse motor’s larger load- 
bearing area gives you a 28% edge in load-carrying capacity! 

There are plenty of other advantages to our large-size 
bearing construction, too—for example, bearings wear less, 
last longer; lubrication is better, more uniform on the in- 
creased bearing surface; motor operation is smoother, quieter, 
more vibration-free than you’d ever expect (or get) from 
motors using smaller bearings. 

This is only one of the many competitive advantages that 
Westinghouse motors give your product. For the full story, 
please contact your nearby Westinghouse sales office, or 
write: Westinghouse Electric Corporation, Industrial Motor 
Department, Lima, Ohio, for Bulletin B-7240. J-03047 





vou CAN BE SURE...1F iTS Westi nghou Se 
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For applications where 
maximum reliability and 
long life are the deter- 
mining factors, North 
flat spring relays have 
proven themselves com- 
pletely reliable over the 
years — are continuing to 
prove themselves more 
than a million times a day 
by performing vital con- 
trol functions with “reli- 
ability plus.” 





enoesead 


1. North relays have knife-edge armature pivots — no 
friction, no lubrication, no wear! 





2. North relays have flap type residuals — distributing 
armature blow over entire core face — no holing 

or pitting of core to alter air gap and critical adjustment 
as with pin or screw type residuals. 


North flat spring relays are available in a large variety of 
coils, frames, spring materials, contact materials, 

spring arrangements and mounting brackets to 

meet any specification. 











INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY ‘cs 


8511 SOUTH MARKET STREET © GALION, OHIO i 
Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. Q] 


Circle 153 on page 17 Circle 154 on page 17 > 





For better looking equipment, 
use the best looking resistors 


A 


NEW IRC (5 BT ~( 


New attractive appearance—!4 watt and 1 watt 
New smaller size—1 watt 


’ 


Ask your IRC salesman about NEW GBT Carbon Composition Resistors 


INTERNATIONAL RESISTANCE COMPANY « 401 N. Broad Street, Philadelphia 8, Penna. In Canada: International Resistance Co., Ltd., Toronto, Licensee 
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KLIXON 


3-PHASE 
AIRCRAFT 
MOTOR 
PROTECTORS 


Guard Against 
Overtemperature 
in AiResearch 
Condenser Fan 


Roy Schinnerer, left, Senior Project Engineer, and Elvin Lytle, Design 
Specialist, examine the AiResearch Condenser Fan used on the Boeing 707. 


AiResearch Manufacturing Division of the 
Garrett Corporation, long a leading manufac- 
turer of electro-mechanical components and 
air conditioning systems for aircraft, is a major 
user of KLIXON Inherent Overheat Motor Pro- 
tectors. 

Elvin Lytle, Design Specialist of AiResearch, 


for use in this 10 HP electric motor driven 
condenser fan, a component of the vapor cycle 
air conditioning system on the Boeing 707 Jet 
Stratoliners ordered by American Airlines. In 
this application, the KLIxon Protector shuts 
off the fan motor if excessive inlet air tempera- 
ture or inadequate air flow causes the motor 





selected a 3-phase KLIXON Motor Protector 


METALS & CONTROLS 


Spencer Division 





windings to overheat. 


CORPORATION 


3611 Forest Street, Attleboro, Mass. 
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The Age of Extreme Environments 


IT WOULD BE NO EXAGGERATION to say that 
the technology of the space age is a function 
of materials able to survive in space en- 
vironments. In effect. we are on the threshold 
of the “age of extreme environments.” Cer- 
tainly the staff review. “Electronic Materials 
and Components for Extreme Environmental 
Problems,” in this issue (page 111) should 
document this fact. The most critical and 
challenging problem that faces the designer 
of electronic equipment for space vehicles 
is that of materials able to withstand the 
effects of ultrahigh temperature and nuclear 
radiation. Other extreme induced environ- 
ments include acoustical noise and vibration. 
The critical effect of natural environments. 
such as cosmic rays, was discussed in last 
month’s article. “The Space Environment 
A Preliminary Study.” 

The problems. of course. are still far from 
solution. The state of the art shows many 
gaps and inadequacies. It has been the pri- 
mary purpose of the staff review to help 
clarify the problems and to evaluate the 
progress to date objectively. Several broad 
conclusions can be made, reflecting the com- 
posite opinion of a number of authorities 
in this field. 

e It will be difficult. if not impossible. to 
develop the required extreme-environment 
materials,, and components articulated from 
such materials, primarily on the basis of 
experience. Most of our conventional com- 
ponents function satisfactorily because they 
have been proved by experience; but today 
we cannot depend on this natural process. 
We have neither the time. nor the money. 
e The contemporary requirements in elec- 
tronics—and those in the immediate future 

cannot be met merely by extrapolating the 
current technology of materials. Improve- 
ments achieved to date have been in effect 
compromises gained by the injection of re- 


finements into the existing techniques. It is 
necessary rather to break new ground. The 
really significant properties of materials that 
determine good component performance 
must be studied at every level of research. 
A breakthrough in materials studies must 
include an orientation of materials prop- 
erties as a function of molecular structure. 
composition and processed purity. Materials 
with controlled impurities are at the crux 
of the art of semiconductor devices. The same 
theories and techniques can be extended to 
other classes of materials and ultimate de- 
vices. 


e The need for re-studying the performance 
of materials under normal environments has 
been stressed and re-stressed. Moreover, ulti- 
mate limits of some conventional materials 
have not actually been explored. Surprisingly 
enough, there is still much to be learned 
in these areas: without this knowledge, work 
in the elevated-temperature and _nuclear- 
radiation fields cannot be carried on with 
the needed competence. 


e A realistic re-appraisal of various specifi- 
cations and standards is needed in relation 
to extreme environment service conditions. 
For example, unofficial proposals have been 
made for an extrapolation of AIEE standards 
for thermal stability of electrical insulating 
materials to provide tests at exposures from 
200 to 500 C. 


e Finally, there appears to be a disparity 
between the Government’s calling for strong 
research and development participation by 
industry and the extent and availability of 
specialized test facilities needed for this work. 
This lack is particularly felt by the smaller 
companies. A wider degree of Government 
sponsorship of expanded appropriate test 
facilities to be used on an industry-wide basis 
has been advocated. 


- 
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Techniques of Cooling 


This basic article on cooling theory and 


temperature measurement is the first of 
two to be presented. Included here are 
methods and techniques of temperature 
measurement and control. The second 
article will show practical methods for 
cooling specific electronic parts and sys- 


tems. 





GLOSSARY 


The following terminology is utilized throughout 
this article: 

Ambient temperature—the average temperature of 
the medium surrounding an electronic device. 
It is recommended that the thermal environment 
be specified in lieu of ambient temperature in 
specifications and other technical definitions of 
the thermal conditions surrounding electronic 
devices. Ambient temperature alone cannot de- 
scribe the entire thermal configuration because 
the temperature of the medium surrounding an 
object is not necessarily related to the heat radia- 
tion and conduction effects from nearby heat 
sources. 

Heat concentration—heat dissipation per unit vol- 
ume expressed in watts per cu in. or cu ft, de- 
pendent upon the relative size of the device 
under consideration. 

Heat dissipation—the difference between the elec- 
trical input and output of an electronic device 
expressed in watts. 

Hot spot—a region of high temperature. 

Internal temperature—the temperature of a gas, 
solid, or liquid at a specified location within an 
enclosure. 

Point surface temperature—the average tempera- 
ture at a specified location on a surface. 

Thermal environment—the condition of (1) fluid 
type, temperature, pressure and velocity; (2) 
surface temperature, configurations, and emissivi- 
ties; and (3) all conductive thermal paths sur- 
rounding an electronic device. 

Jltimate sink—a body of matter to which thermal 
energy, in its path from a heat source, is ulti- 
mately delivered. 

‘nit heat dissipation—the heat dissipation per unit 
surface area expressed in watts per sq in. 
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THERMAL ENGINEERING DESIGN in electronics equipment 
has not kept pace with advances in circuitry. This situ- 
ation has contributed to equipment reliability difficulties 
currently heing experienced with military electronics 
equipment. 

It is now becoming more evident that thermal design 
should be initiated simultaneously with electrical and 
mechanical design aspects. Reliability will improve with 
the acceptance of thermal design as a basic and vital 
consideration. 

During a national survey of the state of the art of 
electronic cooling. conducted in 1951 and 1952 under the 
sponsorship of the U. S. Navy. Bureau of Ships, it was 
found that design methods for electronic equipment with 
desirable thermal characteristics were not commonly 
known. 

In 1951. Cornell Aeronautical Laboratory was awarded 
a Bureau of Ships contract to study methods of cooling 
electronic equipment and prepare design manuals. 

One of the secondary findings of the survey was that 
the thermal units and terminology in use were incon- 
sistent and confusing. Further. temperature measuring 
techniques ranged from excellent to poor. This pointed 
up the need for a homogeneous system of units and an 
intimate knowledge of units and dimensions. 

Dimensions may be divided into two groups: primary 
or fundamental. and secondary or derived. The primary 
dimensions are length, mass and/or force. time. tem- 
perature and heat. Secondary dimensions are derived 
in terms of these primary ones. Thus. density is ex- 
pressed as mass per unit volume or mass per (unit of 
length ) 

The physical properties of matter are reported in 
either the metric or British Gravitation systems: the 
watt. inch. and degree C system fits into neither. The 
physicist has standardized on the metric system (C.G.S. 
system). and there are advocates of its use in heat trans- 
fer. However. it appears that this would be impractical 
since engineers in this country have standardized on 
the foot and pound as units of length and mass. 

It has been established through this study that a hy- 
brid system of units (Table I) using the watt, the de- 
gree C. and the inch be used in electronic heat transfer 
measurements. 

Temperature Measurement 


Temperature measurements fall into two general classes. 
The first is temperature of a fluid in its gaseous, vapor, 
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Electronic Equipment 


the sec- 
ond is the temperature of a material surface. In addi- 
tion to these, the temperature within a solid body may 


or liquid phases (either still or in motion) ; 


be desired. Each class requires a different measuring 
technique. depending upon the desired accuracy. 

A high degree of accuracy in measuring temperature 
is difficult to attain. The degree of accuracy required 
depends on the purpose of the measurements. For ex- 
ample, in experimentally determining the film coefficient 
of heat transfer of a fluid, an accuracy of = 0.5 F 
might be insufficient. Here, precise temperature measure- 
ments must be made. On the other hand, an accuracy 
ot 2.16.3 6 
whether an electronic assembly meets specifications. In 


is probably adequate in determining 


general, it appears reasonable to expect such accuracy 
in test work on electronic parts, subassemblies and 
assemblies. 

Of the many types of temperature-measuring devices, 
the thermocouple remains the most practical since it 
is simple. rugged. and has good accuracy. The most 
common method of employing the thermocouple is in 
conjunction with a sensitive potentiometer which can 
be either an indicating or recording type. 

Other devices or instruments of value in temperature 
measurement are the glass thermometer and temperature 
indicating paints and waxes, which are now obtainable 
commercially. It has been found that most other devices. 
such as optical pyrometers, thermistors, radiometers and 
resistance thermometers, are relatively impractical for 
the type of temperature measurements required in the 
testing of electronic equipments. However. certain ap- 
plications may arise wherein use of these devices may 
be advantageous. 


Temperature Measurement by Thermocouple 


Of the many types of thermocouples. the iron-con- 
stantan or the copper-constantan thermocouple is ade- 
quate. Iron-constantan thermocouples are generally used 
below 760 C (1400 F), and copper-constantan below 350 
C (662 F). The range of either of these two thermo- 
couples is satisfactory for most electronic test work. 

For accurate temperature measurement, thermocouples 
should be calibrated, or thermocouple wire should be 
purchased from a manufacturer who guarantees the 
wire to follow a standard calibration. This is espe- 
cially important for iron-constantan thermocouples since 
it is difficult to control the uniformity of the iron com- 
position. In general, thermocouple wire as small as 
No. 30 gage (0.010 in. diam) can be obtained which 
will follow standard calibration data with sufficient 
accuracy. However, at least two standard calibrated 
thermocouples should be used as standards so that 
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thermocouple wire may be easily and quickly checked 
by the comparison method. 

Thermocouple wire smaller than No. 30 gage should 
definitely be calibrated because 
accuracy decrease with wire size. Heat transfer theory 
indicates that decreased wire size increases accuracy. 


responsiveness and 


This is due to such effects as the increase in heat transfer 
from a surface through the leads. Small wire size. 
therefore. should be used. Further, temperature measure- 
ments of very small parts require fine wire size, No. 
36 gage or smaller. 

A variety of insulation for thermocouple wires is 
available. Duplex wire with glass insulation has been 
found to be satisfactory since it is heat-resistant and 
mechanically strong. Use of calibrated thermocouple 
wire for both thermocouple and lead wire makes for 


Table I—Basic Thermal Units 





Physical 
dimension Conversion 


Length inch one ft = 12 in. 


Force pound force 
pound mass 
Mass slug = ——_———— 
32.2 


Time one hr = 60 min = 3600 


sec 
Temperature degree Centigrade deg C=5/9 (deg F—32) 
Absolute 


temperature degree Kelvin deg K = 273.2 + deg C 
Absolute 


temperature _ degree Rankine deg R = 459.7 + deg F 
Temperature 


difference degree Centigrade one deg C = 1.8 deg F 


temperature difference 
Heat watt-hour one watt-hr = 3.413 Btu 
Rate of heat 
flow watt one watt = 3.413 Btu/hr 
Unit heat 
dissipation 
(rate of heat 
flow per unit 
area) watts /sq in. 


one watt/sq in. = 491.4 
Btu /hr/sq ft 

Thermal 
resistance deg C/watt 

Coolant flow 
(weight rate 


of flow) Ibs /min 





Thermocouple wires 


“ 


shields of thin, highly 
polished aluminum 

Pi holding shields 

os relotive positions 


Junction 


Soman of cylindrical 


Nonheotconducting 
support 





Fig. 1 


Typical thermocouple shield. 


maximum accuracy, and use of a cheaper lead wire is 
not recommended. Any method of fabricating the junc- 
tion which produces a good, clean contact without over- 
heating the thermocouple leads may be used. If the 
thermocouple wire is homogeneous, temperature gradi- 
ents in the wire itself do not affect accuracy of the 
reading. It is important to realize that only the tem- 
perature of the junction, or bead, affects the reading. 

No difficulty is encountered in measuring tempera- 
tures of liquids because thermal radiation effects are 
usually negligible. Hence, a thermocouple 
in a liquid should provide an accurate measure of the 
temperature. The length of lead wire immersed in the 
liquid should be reasonably long to minimize conduc- 


immersed 


tion through the wires. 

In measuring the temperature of gases such as air. 
radiation from surfaces which the thermocouple “sees” 
may cause a thermal effect. resulting in considerable 
error. Magnitude of the error will depend on the tem- 
perature difference (deficiency or excess) between the ait 
temperature and that of the surface which the couple 
the character (radiationwise) of the radiating 
surfaces (both couple and wall surfaces). and the rela- 


*“sees”’, 


tive areas and configurations of these surfaces. If an 
enclosure contains electronic parts (such as tubes and 
resistors) of various temperatures, then a bare thermo- 
couple would be contiguous with and exchange radiation 
with such parts as well as the enclosure walls. The 
difference between the ‘true air temperature and _ that 
indicated by the thermocouple can be decreased by two 
methods: decreasing the size of the thermocouple wire 
and decreasing the emissivity of the thermocouple wire. 
Decreasing the size of the wire and the thermocouple 
bead or junction increases the film coefficient of free 
convection which results in a decreased temperature 
difference for the same heat flow per unit area. Decreas- 
ing the emissivity of the couple decreases the net heat 
transfer by radiation. This can be accomplished by 
either brightening the junction of the thermocouple 
and the adjacent wire surface or by shielding the couple 
with one or more shields of highly polished metal. 


Techniques of Thermocouple Measurement 

There are many designs of thermocouple radiation 
shields. Best results for shielded thermocouples in still air 
have been obtained with cylindrical shields approximately 
one inch or greater in diameter. It has been found that if 
the shield is too small in diameter, the error may be 
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greater than that for a bare couple (see Fig. 1). For 
small containers or cases, the size of the shield would 
prohibit its use. 

There is an alternate method of temperature measure- 
ment, however, using unshielded thermocouples which 
can be used in small spaces. Since the film coefficient 


is an inverse function of the diameter, the smaller the 
junction or b&d diameter. the closer will the couple 


indicate true air temperature. This method consists of 
taking temperature readings with at least three thermo- 
couples made of three different junction diameters. The 
temperature readings are then plotted against the diam- 
eter and the true air temperature is estimated by extrap- 
olation to the zero diameter. This method appears to 
be more accurate than most of those employing radia- 
tion shields. 

One of the most accurate methods of measuring sur- 
face temperature is to embed the thermocouple in a 
slot or scratch in the surface and seal it with cement 
flush with the surface. However. this method has the 
disadvantages of restricting its use to relatively large 
surfaces and to surfaces which can be marred on 
scratched. Furthermore, the application in itself requires 
skill and considerable time. 

The most common method of temperature measure- 
ment has been to place the junction and a short length 
of lead wire on the surface and to apply a small piece 
of adhesive tape to hold the couple in contact with the 
surface. There are several faults with this method. how- 
ever, one being that conventional adhesive tapes have 
poor bond characteristics even at relatively low tem- 
peratures. Also. the tape constitutes an added resistance 
to heat transfer between the gas and surface, with the 
emissivity of the surface being modified as well as the 
characteristics of the surface affecting convection. The 
resulting error may or may not be small, but the fact 
that an error exists should be realized. In measuring the 
temperatures of large surfaces, it appears that this 
method is satisfactory provided the adhesive tape does 
not deteriorate. 

For high-temperature applications. the use of a small 
amount of cement which will withstand such tempera- 
tures has been found successful. Again, fine wire and 
short length of leads in contact with the surface should 
be used. For measuring the temperature of glass envel- 
opes of vacuum tubes, a small amount of “Grip” dental 
cement can be used to attach the couple to the glass in 
a strong bond. Because this method is subject to the 
same errors as the adhesive tape method, care must be 
exercised in applying as thin a coating of the cement 
as possible. Also. care must be used to be certain that 
the junction is in contact with the glass surface. The 
surface of the cement should be smoothed out so that 
the physical characteristics of the surface to be meas- 
ured remain approximately the same. The cement should 
not be permitted to form an insulating layer between 
the surface to be measured and the thermocouple. 

With metal surfaces, the junction can be peened into 
a very small hole drilled into the surface. Again, care 
must be taken to insure that the junction makes inti- 
mate contact with the surface material. Solder may be 
used as an alternate method of attaching a thermo- 
couple to a metallic surface in which an extremely small 
spot of solder can be utilized to attach the leads. These 
leads should enter the solder separately so that the junc- 
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tion is made at the metal surface and not externally. 
It is sometimes desirable to solder the two wires sep- 
arately, but in close proximity, to avoid the possibility 
of contact outside the surface. (See Fig. 2.) 

With any of these methods, the important considera- 
tion is the junction and its position relative to the 
surface. If the two dissimilar thermocouple wires make 
contact away from the surface as well as at the sur- 
face. a relatively large error may be introduced. This 
is especially so since the couple will indicate a tem- 
perature between that of the surface and that of the 
air. The junction of the wires should be at the part 
surface only. 


Temperature-iIndicating Waxes and Paints 


Temperature-indicating paints and wax-like substances 
are now available and cover a wide range of tempera- 
tures. In general. these devices are of two different 
types: paints which exhibit a color change at a speci- 
fied temperature, and wax-like substances which melt 
at specified temperatures. The paints. called “Thermo- 
may be applied to a surface by brush or by 
spraying. The original color changes to another when 


colors.” 


the temperature of the surface reaches or exceeds the 
temperature change value of the particular paint. The 
manufacturer states the accuracy to be +5 C (+9 F). 

While most of the Thermocolors exhibit only one 
color change. some exhibit as many as four changes. 
each at a different temperature. The temperature change 
is sensitive to the duration of heating period. For ex- 
ample. one paint is claimed to change color at 103 C 
for 5 sec of heating, at 88 C for 30 sec, and finally 
at 80 C for 30 min. The color changes indicate only 
that the temperature of the surface has exceeded the 
rating of the paint. If a second, but higher rating. 
paint does not change color when applied to the sur- 
face, this indicates that the surface temperature is be- 
tween the two temperature ratings. All but one of the 
paints exhibit a permanent color change and do not 
revert to the original color upon cooling. Several also 
show a tendency to recede gradually due to the influ- 
ence of atmospheric moisture. 

The paints are packaged as powder. with alcohol being 
used as the solvent. The individual paints, as well as 
the brushes, must be kept separate from one another 


Junction soldered 
to surface 


Thermocouple wires 
soldered separately 


Fig. 2—Methods of soldering thermocouples on surfaces. 
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to avoid contamination, and can be removed with alco- 
hol. Unfortunately, the evaluation of color and color 
change is largely dependent upon the color perception 
of the individual. 

If the heating periods are for only several minutes. 
extreme care in recording the heating time and inter- 


preting the manufacturer’s curves must be exercised in 
order to obtain reasonable accuracies. When heating 
periods of the order of thirty minutes are required to 
reach thermal equilibrium. it is not necessary to record 


the heating time accurately. 

The wax-like substances are available in crayon form 
called “Tempilstik” and in lacquer form called “Tem- 
pilaq.” A surface is touched or stroked with several 
of the crayons. noting the lowest temperature crayon 
which just melts at the surface. Thus, the temperature 
of the surface is between that of the crayon which melts 
and the next higher temperature crayon. The Tempilaq 
lacquer may be sprayed or brushed on a surface or 
may be coated on an object by immersion in the liquid. 
The lacquer dries almost immediately and, as the sur- 
face temperature rises to or exceeds the temperature 
rating of the particular lacquer. it melts rapidly to a 
liquid smear. Thus, the melting indicates that the tem- 
perature rating has been exceeded. Upon cooling, the 
liquid smear solidifies with a glossy or vitreous appear- 
ance distinctly different from the original mark. The 
accuracy of both Tempilstik and Tempilaq is one per 
cent of the temperature rating. 

When using these temperature-indicating waxes for 
temperature measurement of heat sources such as elec- 
tron tubes. precautions must be taken to minimize in- 
herent sources of error. Lacquer is relatively opaque 
and the radiation transmitted through the glass will be 
absorbed, thus raising the temperature locally. There- 
fore. a very thin film of lacquer should be sprayed 
over a small area of the envelope to increase the lac- 
quer’s transparency and minimize errer due to local 
radiation effects. Other errors can occur when forced 
air cooling is used. Since the lacquer is a poor heat 
conductor, the inner surface of the Tempilaq (in con- 
tact with the surface whose temperature is being meas- 
ured) may be molten while the outer surface. to all 
appearances, may still be in the unmelted state. The 
above comments, in general, also apply to Thermocolor 
temperature-indicating paints when used on electron tube 


glass envelopes. 


Temperature Measurement of Small Parts 


Temperature measurements of very small parts pre- 
sent difficulties. Temperature gradients on the surfaces 
of small heat-producing parts such as resistors may be 
high, making it difficult to determine the temperature 
at a given point. It appears that. at best, only an aver- 
age temperature over an area can be obtained. The heat- 
conducting effect along thermocouple wires is magni- 
fied and the use of fine wire, at least No. 36 gage or 
smaller, is essential. It is therefore necessary that the 
junction be at the surface and not extend into the 
surrounding air. 

Tempilaq and Thermocolor are useful when applied in 
the form of a thin small dot. Several such dots, each 
of a different temperature rating, can be applied to a 
small area in order to facilitate measurement. How- 
ever, microminiature circuit elements do not produce 
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Table Il—Relative Value of Thermal Resistance as an Index of Severity of the Cooling Problem 





Index of severity in deg C/ watt 


Description Slight Moderate 


Octal tubes 20 12 


Severe 


7 
Miniature tubes 30 20 10 


Subminiature tubes 40 30 

100 w transmitting tubes 4 3 

Power transistors 15 10 

Transistors 

Ye w composition carbon resistors 200 25 

2 w composition carbon resistors 35 25 10 6 
10 w power resistors 40 20 10 5 
Recommended cooling method 


Radiation convection Metallic conduction, 


conventional tech- 
niques. 


Metallic conduction 


Forced cooling 
with careful design 





large quantities of heat and extreme care must be used 
in their temperature measurement in order to avoid 
error. 


Determination of Severity of Cooling Problem 

\ satisfactory cooling system must provide suitably 
small temperature gradients between the heat produc- 
ing parts and the ultimate sink. Basically, there are 
two primary thermal resistances involved: the resistance 
between the heat sources and their heat flow paths and 
the resistance through these heat flow paths to the ulti- 
mate sink. The latter resistance, however, is frequently 
not within the control of the equipment designer. For 
example, it may be provided by ventilation systems, 
circulating fluids or the ambient temperature of a space. 
Consequently. this discussion emphasizes the transfer of 
heat within and immediately adjacent to equipment en- 
closures and “black boxes” as outlined in Fig. 3. 

The severity of the cooling problem is a function of 
the unit heat concentration, the unit heat dissipation, 
and the tolerable temperature rises. These values should 
be established as early as possible during the bread- 
board design of the equipment. In general. the efficiency 
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supporting 
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Conduction 
to chassis 


of electronic equipment is so low that, with the excep- 
tion of medium and high power amplifiers, the total 
input power should be 


power. 


considered as the dissipated 


The allowable temperature rises must be established 
on the basis of the environmental or ultimate sink tem- 
peratures (the environmental temperature may increase 
due to the added heat) and the maximum reliable oper- 
ating temperatures of the electronic parts. The maximum 
reliable temperatures of the parts are not the maxi- 
mum rated temperatures. but are conservative values 
which are established in terms of the desired part life 
and electrical operating level. Based upon the heat dis- 
sipated by each heat source and the allowable tem- 
perature rise. the required thermal resistances in de- 
grees C per watt can be determined. Table II indicates 
the relative values of required thermal resistance as 
an index of severity of the cooling problems. Because 
of the nonlinear relations of heat transfer by convec- 
tion and radiation with temperature, the thermal re- 
sistances presented in Fig. 4 are approximations which 
should only be used to indicate the degree of severity 
of the cooling situation. 


Temperature rise, deg C 


08 1.2 16 2.0 24 
Unit heat dissipation, watts per sq in 


Fig. 4—Temperature rise in equipment cases. 
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The unit heat dissipation provides a measure of the 
thermal resistance due to natural heat flow between 
the outer surfaces of the enclosure and the surround- 
ing air. Unit heat dissipations of equipments utilizing 
conventional component parts at 40 C environmental 
temperature should not exceed 0.25 watt /sq. in. With 
the 125 to 150 C class of component parts, this limit 
can. with special care, be extended to 0.5 watt/sq. in. 
In general. if the unit heat dissipation exceeds 0.25 
watt sq in.. it will be necessary to utilize forced rather 
than natural cooling. With forced convection, unit heat 
dissipations as great as 2 watts /sq in. can be achieved. 

The temperature rise in equipment cases can be esti- 
mated also from Fig. 4. The effect of the case surface 
emissivity on temperature rise is presented in Fig. 5. 
The general-purpose nomographs, Figs. 6 and 7, pro- 
vide a more accurate method of predicting the tempera- 
ture rise of naturally cooled enclosures. 

The unit heat concentration is an index of the ther- 
mal resistances which must be provided between the 
heat sources and the surfaces of the equipment enclo- 
sure. With conventional component parts and conven- 
tional construction, the heat is rejected from the parts 
primarily by radiation and convection which limit the 
unit heat concentration to 0.15 watt/cu in.. provided 
the heat sources are reasonably well separated. If some 
of the heat sources must be mounted adjacent to each 
other. then the unit heat concentration and unit heat 
dissipation for the particular section of the enclosure 
which is occupied by these parts must be determined. 
With plastics embedment. the unit heat concentration 
is limited to 0.25 watt/cu in., whereas with conduc- 
tion through metal, unit heat concentrations greater 
than 2.0 watt cu in. can be achieved by careful design. 


Cooling Techniques 


The three natural modes or methods of heat trans- 


fer—conduction, convection and radiation—may occur 
singly or simultaneously. While evaporation and con- 
densation may be classified under convection. they are 
usually considered separately. since change of state 
occurs in addition to heat transfer. 

Conduction. Heat conduction occurs through molec- 
ular oscillations in solids and elastic impact in liquids 
and gases. The basic law of heat conduction in the 
steady state. and in its most simple form. is: 

kAAt 
qd L (1) 
where 

q rate of heat transfer 

k = thermal conductivity of the material 

{ = cross-sectional area perpendicular to the direction 

of heat flow 

L = length of heat flow path 

At = temperature difference causing the heat flow 


Heat flow by conduction is analogous to current flow 
and bears a relationship similar to Ohm’s Law. Re- 
writing Eq (1) as 
Mt rs 
.* a (2) 
it can be seen that q is analogous to /, At to E, and 
L/kA to R’. 


Despite the similarity to Ohm’s Law. there are two 
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Fig. 5—Effect of case-surface emissivity on temperature rise (for 
rectangular case—85 sq in. at sea level). 


significant practical differences. The first is that prac- 
tical absolute insulators and conductors of heat are 
non-existent compared to the many electrical conduc- 
tors and insulators. The second is that the motion of 
molecules is limited and greater energies are involved 
than for movement of electrons. An electrical analogy 
which may be readily applied by electronic engineers 
where voltage drops (EF) are 
At in degrees C. 


is presented in Fig. 8 
analogous to temperature differences. 
The constant current / is analogous to the constantly 
dissipated power q in watts. and the electrical resist- 
ance R’ (E/I 


resistance R. 


volts/amp) is analogous to the thermal 

Since 
At 
q 

then thermal resistance may be expressed in degrees C 
per watt. 

Convection. The basic equation for convection is 

q h.AAT 

where 

qd heat transfer rate 

h - coeficient of free convection 

{ surface area 

AT = temperature difference between the surface and 

the main fluid stream 

The value of h, (the film or surface conductance per 
unit area) is influenced by many factors. including not 
only the properties of the fluid (such as viscosity, den- 
sity. etc.) but also the flow conditions and surface 
characteristics. Moreover, h, is a function of tempera- 
ture. which results in a non-linear relation between 
q and AT. Under these circumstances. the solution of 
convection problems is not as simple a matter as the 
basic equation suggests. Unlike the similar equation 
for conduction wherein /, the thermal conductivity, is 
material, the above 
equation, which contains the elusive variable h,, must 
be replaced by another relationship. While the ther- 
mal resistance concept is as applicable to convection 
as to conduction, the variable nature of h, prevents 
the use of the simple relation R = AT/q = 1/Ah.. 

Electronic devices situated in gases often lose appre- 
ciable percentages of their heat by free convection. Usu- 
ally the gas is air, but other gases (such as helium) 
which exhibit higher coefficients of free convection may 
sometimes be used. The coefficients of free convection 
are usually relatively low and the corresponding ther- 


relatively constant for a_ given 
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mal resistances are usually relatively high as compared 
with other factors in thermal circuits. Thus, if con- 
duction and convection resistances are virtually in series, 
the convection is usually the dominant limit to heat 
transfer. 
Convective heat transfer associated with most elec- 
tronic equipment can be determined by 
P = 0.0022C (At) '-*5(A/L)°-?5 
where L is a significant dimension which varies with 
the size. shape and position of the convective sur- 
face. Table III lists L-values for common conditions 
and may be used for irregularly shaped electronic parts 
if the most similar shapes of surfaces are selected. 
Like L, C in the above equation is a function of 
shape and position, and is almost independent of dimen- 
sions. However. Table IV shows that C is much larger 
for small parts such as tubes, resistors, relays and trans- 
formers in confined spaces. The significant dimension 
L should be taken as the height (in feet) of miniature 
and subminiature tubes. and as the height of relays 


watts 


and transformers. For horizontal resistors, L is the 
product of the diameter and length over their sum. 
related to electronic 


Most free convection problems 


equipment in air involve significant dimensions or 
heights of surfaces not over 2 ft. 

Figure 6 is a nomographic chart of the above equa- 
tion. Because there are four independent variables in- 
stead of the usual two, it is necessary to apply a straight- 
edge three times (instead of once) in order to solve 
for the dependent variable. First, if P is the unknown. 
the straight-edge is applied to given values of C and 
L to get a crossing point on the uncalibrated X-scale, 
which represents a partial product (quotient). Second, 
the X-point and a given AJ value determine a line 
which is a further partial product. Third and last. the 
P/A value is transferred to another scale (the C-scale) 
and a given area value is found on the A-scale (the 
L-AT scale). thus giving two points which determine 
a third line and a crossing (final product) on the P 
scale (the first-used P/A scale). 
tion for altitude can be made by multiplying P (or 
P/A) by the square root of the pressure expressed in 


If necessary. correc- 


atmospheres (a decimal). 

The chart is not limited to the type of problem just 
described. It may be used for the solution of unknowns 
other than P, but the sequence of operations must be 
varied correspondingly, according to rules given on 
the chart. 

Radiation. At the temperature normally encountered 
in electronic equipment (100-200 C) the radiation wave 
length is long. peaking in the neighborhood of 7 mi- 
crons. In this portion of the spectrum (the long infra- 
red region) the emissivity is not necessarily related 
to the color in the visible region. However, most paints 
(of any color) are dark brown at the infrared due 
to the vehicle and binder. Black paints are just slightly 
blacker than light-colored paints in the medium and 
long infrared region. The emissivity varies as a func- 
tion of temperature (wave length) both at the emitting 
and receiving surfaces. 

The radiation chart, Fig. 7, has been prepared to aid 
in the calculation of heat exchanged by radiation. The 
chart is based upon the equation 


P/A = 0.00368e(T/100)* watts /sq in. 
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Fig. 8—Electrical analogy of heat flow from electronic equip- 


ment. 


where 
e = emissivity of the radiating surface 
T = absolute temperature, deg K 

The chart contains three scales and relates the three 
variables, P/A, e, and T. Any variable can be found 
when the other two variables are known simply by 
connecting the known points with a straightedge and 
noting the crossing point on the third scale. 

The chart, Fig. 7, is to be used twice: first, with the 
emissivity and temperature of the enclosed surface, to 
obtain the total radiation from the source: and second, 
with the emissivity and temperature of the enclosing 
surface to obtain the total radiation from the receiver. 
The net difference is the heat exchanged by radiation. 
If the temperature of the enclosed surface is unknown, 
it can be found by using the chart twice. backwards. 

(Continued on page 150) 


Table Il—Significant Dimension (L) 





Characteristic length, 
Surface Position ® 
(length) < (width) 
Plane horizontal 
length + width 
Plane (rectangular) vertical vertical height but 
limited to 2 ft 
area 
Plane (non-rectangular) vertical 
horizontal width 
0.785 < diam 


Plane (circular) vertical 


Cylinder horizontal diam 


height of cylinder but 
limited to 2 ft 


Cylinder vertical 


Sphere any radius, (diam /2) 


Table 1V—Values of C To Be Used In Convection 
Equation 





Shape and position C 
Vertical plates 0.55 
Horizontal cylinders (pipes and wires) 0.45 
Long vertical cylinders 0.45-0.55 


Horizontal plates facing upward 0.71 


Horizontal plates facing downward 0.35 


Spheres (L = radius) 0.63 


Small parts (see text) 1.45 





Modified standard telephone set 
equipped experimentally with tone 


ringer and pushbutton — caller. 


Frequency-Division System 
for Pushbutton Telephone 


Electronic switching developments make possible the consideration of new circuit- 


selection methods having diverse practical advantages for control and other pur- 


poses. The transistor, ferrite coil and crosspoint switch are here combined in an 


exploratory development of a telephone signaling system that provides selective 


tone ringing and pushbutton calling. 


L. A. MEACHAM, J. R. POWER and F. WEST* 
Bett TELEPHONE LABORATORIES 
New York, New York 


FROM THE VIEWPOINT OF information theory, either tele- 
phone ringing or calling involves only a few bits of 
information and could be accomplished very rapidly and 
efficiently with time-division pulses in the speech band.' 
On the local telephone line information-carrying capacity 
is not at a premium, however, and may be spent rather 
liberally. This is the basic argument behind the selection 
of multi-frequency signaling. 


*Adapted from Bell System Technical Journal, March 1958. 
7“In-Band Single-Frequency Signaling,”” A. Weaver and N. A. Newell, Bell 
System Technical Journal, 33, November 1954, p 1309. 
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The tone ringer performs full-selective ringing of up 
to eight parties on the basis of a “l-out-of-8” code. 
Specifically, each ringer is arranged to be tuned upon 
installation to an assigned frequency; it will then respond 
to one and only one of eight alternative ringing tones 
sent from the central office. 

In the pushbutton calling arrangement, number infor- 
mation is sent to the central office in the form of oscil- 
latory pulses, using a l-out-of-10 code. In addition, party 
identification is desired. The resonant circuit of the 
ringer. tuned to a different frequency for each party, 
is fortunately well-suited for this purpose. It is therefore 
switched from the ringing to the calling function when 
the handset is lifted, with no change in its party tuning. 
pushbutton is pressed, two 


Accordingly. when any 
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simultaneous pulses of different frequency are generated. 
One, the “party pulse,” is produced in the tuned circuit 
transferred from the ringer; the other, the “digit pulse,” 
comes from a separate coil, differently tuned for each 
of ten pushbuttons. 

It is clear that eighteen frequencies were required, 
eight for ringing and party identification and ten for 
digit transmission. In existing operator multi-frequency 
key-pulsing systems a set of six frequencies is used, 
spread between 700 and 1.700 cps at uniform intervals 
of 200 cps. If this series were to be extended to as many 
as 18 frequencies, it would cover, say, from 300 to 3,700 
cps, and the steps would range from 66.7 to only 5.4 per 
cent. With such a frequency allocation the total band- 
width is excessive, the percentage spacing is extravagantly 
wide at low frequencies, and the spacing is too close at 
the high end to be compatible with inexpensive electrical 
tuning elements. 


Frequency Division. Geometric spacing was selected 
as the logical alternative, the set of frequencies being 
given by 


a (1) 


Here the constant percentage spacing is simply 100- 
(a—1), in which a is some constant to be chosen. This 
series fits in naturally with the use of tuned circuits hav- 
ing uniform values of Q and uniform frequency stabilities 

properties that are easy to attain. The transient rise 
and decay times associated with constant-Q tuned circuits 
vary inversely with their resonant frequencies, but these 
time differences have not led to serious difficulties. 

The geometric series has an important advantage over 
other possible frequency distributions. in that by care- 
fully choosing the factor a it is possible to make both 
the second and third harmonic of each frequency fall 
approximately adjacent higher 
frequencies in the same series. This interlace is helpful 


midway between two 
in reducing the possibility of interference from non-linear 
distortion. 

\ method of choosing an optimum value for a is illus- 


trated in Fig. 1. This shows the relative frequency of 
each term in a geometric series f,, f, . . 


fis as a fune- 
tion of the spacing. Harmonics of /, up to the sixth are 
also displayed on the logarithmic frequency scale. Points 
where a harmonic coincides with any frequency f, are 
marked by circles, and intervening points where a 
harmonic falls geometrically midway between /, and f,, 
are shown as dots. An ideal spacing factor a, if one 
existed, would be represented as a vertical straight line 
passing through a dot for every harmonic. Actually, the 
dot alignment is not so fortunate, but two spacings do 
exist (near 815 per cent and 11.1 per cent) for which 
the second and third harmonics are both fairly well 
interlaced. These two harmonics are of primary interest 
because in the system as planned all higher ones are not 
only weaker, but also fall above the frequency range of 
critical interest (the portion of the band devoted to the 
same function—party or digit). Since a larger spacing 
was preferred for the sake of selectivity. a figure of 11.11 
per cent was finally chosen, corresponding to a ratio of 
10/9 between adjacent frequencies. This happens to give 
a range of almost exactly 6 to 1 for the whole set of 
eighteen. The spacing is indicated by a dashed line in 
Fig. 1. 
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Interlacing of harmonics in geometric series of fre- 


Tone Ringer. A primary requirement of the sound of 
a ringer is that it must be effective as well as pleasant. 
The chosen compromise in the region of 900 to 2.400 eps 
is composed almost entirely of harmonics of the selected 
ringing general. the fundamental lies 
below the band efficiency radiated. The result is a dis- 
richness of quality. with the ear effectively 
supplying the missing fundamental. 


frequency: in 
tinctive 


The tone ringer circuit consists of four main ele- 
ments—an input limiter, a frequency-selective network, 
an amplitude-selective output amplifier and a 


radiator, as indicated in Fig. 2. A volume control and 


sound 


a d-c power filter are also included. 

The voice frequency signal voltage at the customer’s 
end of a line may have any value between 0.5 and 2.5 
volts. It is the primary function of the input limiter to 
convert this variable voltage to a constant-current drive 
for the frequency-selective elements. Some amplification 
is also provided. The limiter draws a constant d-c of 100 
microamp plus the leakage current, /,,, of the transistor. 
The a-c output is a symmetrically clipped sine wave that 
approaches a square wave, its peak-to-peak value being 
limited to the 100 microamp drawn from the line. 

The frequency selective network is simply a parallel 
resonant circuit consisting of one coil with four taps 
and either one or two capacitors. Eight resonant fre- 
quencies in the range of 478 to 1,000 cps are available 
by various tap-capacitor combinations. The inductor has 
a ferrite core consisting of two molded cups with a cy- 
lindrical coil nested inside them. This design is simple 
and provides stability, small size and reasonably high Q. 
In addition, the inductance can be adjusted during as- 
sembly of the set to any value within LO per cent of 
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Fig. 3—Circuit of a pushbutton telephone set. Switchhook contact arrangements are Fig. 5—Slide plate and follow arrange- 
indicated for sharing use of the party tuning elements with a tone ringer. ment for toggle contact K/ in switch. 


the nominal value by rotating one half of the core; thus, 
accuracy requirements for the tuning capacitors are 
reduced. 

Fig. 4—Pushbutton The constant current from the input limiter flows 

crosspoint switch. through the resonant circuit. At or near resonance the 
circuit impedance is high and a correspondingly high 
voltage is developed, which drives the power amplifier. 
Away from resonance this voltage is small. 

The output amplifier consists of a transistor in a 
common-emitter Class C circuit, the bias being provided 
by the forward voltage drop of a silicon junction diode 
in series with the emitter. Such a diode changes quite 
sharply from a very high impedance to a low one at a 
forward potential of about 0.6 volt. This circuit has 
many advantages. A principal one is that it does not 
respond until the input voltage from the resonant cir- 
cuit exceeds the bias voltage and a small increase in 
voltage above this threshold value drives the transistor 
to its maximum output; i.e., to overload. This effect not 
only sharpens the selectivity of the tone ringer but also 
holds the output constant over a frequency band of 
several per cent centered about resonance, thus provid- 
ing a margin for small inaccuracies in central office and 
resonant frequencies. Another advantage is that the in- 
put impedance of this amplifier is high, up to the over- 
load point, and does not seriously lower the Q of the 
resonant circuit. Still another advantage is that the am- 
plifier output consists of current pulses which are rich 
in harmonics of the driving frequency. It is these har- 


ELECTRICAL MANUFACTURING 





monics which are reproduced by the sound radiator. A 
final advantage is that, when not operating, the amplifier 
does not draw any d-c except the /,, of the transistor—a 
few microamp. 

A second silicon diode. having an avalanche break- 
down at about 24 volts, is connected in series with the 
collector, which it thus holds at a value some 24 volts 
less than the d-c line voltage: that is, at not more than 
26 volts. This is within the permissible range of pres- 
ently available transistors. 

The sound radiator consists of a ring-armature tele- 
phone receiver and double-tube resonator. The usual 
acoustic damping of the receiver is omitted, giving the 
response a resonant peak at 1.500 cps. and the resonator 
introduces other peaks at 950 and 2.200 eps. This results 
in efficient electro-acoustic transformation in the fre- 
quency band from 900 to 2.400 cps and in very little 
response outside that band. 

Pushbutton Caller. To generate pushbutton calling 
pulses. magnetic energy derived from the d-c loop cur- 
“digit” 


tuned circuits while no pushbutton is pressed, and re- 


rent is stored in the coils of the “party” and 


leased in the form of damped oscillatory transients upon 
operation of a button. It is found that ample signal 
energy can be obtained in this way without the use of 
amplification, either to prolong the oscillations or to 
increase the useful output. With its energy thus derived, 
the design must depend to some extent upon the asso- 
ciated talking arrangements. particularly with regard 
to whether they are “high-current” as in existing sys- 
possibly be for 


tems. or “low-current” as they may 


electronic switching. In laboratory studies of the two 
cases. however. it has been found that the circuitry is 
applicable to both with only quantitative variations, 
assuming that the low-current talking arrangements draw 
on the order of 10 ma. 

In the station circuit shown in Fig. 3 the pushbutton 
caller is associated with a standard telephone set. the 
talking portions of which are only slightly modified. 
Most of the calling components are connected in series 
with the speech network on one side of the line. 

As indicated in Fig. 3. which shows the state of the 
circuit when no pushbutton is operated, substantially all 
of the loop current flows through the low resistance of 
the two tuning inductors, storing energy in their mag- 
netic fields. One tuned circuit, which generates the digit 
signals, employs the tapped inductor associated with 
capacitors C1], C2 and C3. The other, which generates 
the party-identification employs a_ duplicate 
tapped inductor and capacitors C4 and C5. If one 
A and B to be strapped together, two 
parallel resonant circuits become apparent. Further, if 


signal, 
imagines points 


the closed contact of KI were suddenly opened, the 
energy stored in the fields of the two inductors would 
be dissipated in two independent oscillatory discharges, 
both of which would pass through the A-B strap. Actu- 
ally, the assumed strap is replaced by a low-impedance 
winding added to the induction coil, 7], of the conven- 
tional speech network as a means of coupling signal 
energy from both tuned circuits to the line. Since 
the telephone receiver is also coupled to the induction 
coil, the pulse may be heard at a moderate level, being 
attenuated to some extent by sidetone balance. The rate 
of decay of the oscillations as well as the coupling be- 
tween the tuned circuits is affected by the impedance of 
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the added winding. Since a minimum of damping and 
inter-coupling is desirable, this impedance is made as 
low as is consistent with a satisfactory output amplitude. 
When switch K/ interrupts the current in the inductors, 
the d-c loop current would drop to zero except for the 
presence of the resistor RJ. This resistor maintains the 
current at a value sufficient to hold the central office 
supervisory relay operated and thus prevents loss of the 
call. Capacitor C6 shunts RI to bypass voice frequencies. 
The abrupt drop in line current produced by switch K1 
is used in “talk-off’ protection. 

The damped oscillations are frequency coded to convey 
the party and digit information. As noted earlier, the 
party frequency is preset at the time ‘of installation by 
use of combinations of C4 and C5 and the four taps on 


the inductor. The ten digit frequencies are associated 


respectively with the ten pushbuttons by means of a 
crosspoint switching device. 

This switch is associated with the digit inductor and 
capacitors C], C2 and C3. Four parallel wires are con- 
nected to the inductor taps and three others perpendicu- 
lar to these are connected to the capacitors. Thus 12 
crosspoints exist in the switching mesh, any one of which 
can associate a coil tap with a capacitor and establish a 
resonant frequency. Since only ten frequencies are re- 
quired for the digits, two of the crosspoints are not used. 
The ones used are shown circled and labeled with digit 
numbers in Fig. 3. 

The crosspoint switch is part of the pushbutton assem- 
bly, Fig. 4. The back view shows the crosspoint wires 
supported in clear plastic details. One set of wires is 
“S”-like bends at 
each crosspoint to give it the proper elasticity. Each 


straight and the other provided with 


pushbutton is aligned axially with a crosspoint. and when 
depressed closes the corresponding contact through a 
spiral spring which permits overtravel of the pushbutton. 
This overtravel allows crosspoint closure to occur early 
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Fig. 6—Waveforms illustrating operations at a station set in 
pushbutton calling. 
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Circuit of an experimental pushbutton calling pulse receiver. 


in the movement. thereby establishing the tuned circuit 
before interruption of the d-c by the switch AJ]. The actu- 
ation of Kl is accomplished by means of a slide-plate 
free to move transversely to the direction of motion of 
the pushbutton and driven during the overtravel period 
by a wedge-shaped portion of the pushbutton body. In 
order to prevent arcing. the break contact of this switch 
is arranged to open rapidly. using a toggle action, re- 
gardless of the speed of the customer’s finger. Figure 
5 illustrates the slide-plate mechanism and the switch 
action. 

An additional function of switch AJ is to short-circuit 
the transmitter in the telephone set as shown in Fig. 3. 
This provides protection against “talk-off”; i.e.. against 
false operation due to party or digit frequencies that 
might be present in the transmitter output. Since KJ is 
actuated only while a pushbutton is depressed. however. it 
affords no protection during idle periods before and be- 
tween operations. Protection required during these idle 
periods is provided by letting the central office receiving 
equipment be continuously disabled except for a_ brief 
“enablement” triggered by the aforesaid sudden reduc- 
tion in d-c loop current. This method. combined with the 
transmitter shorting function of KJ, affords substantially 
absolute protection. Figure 6 is a representation of the 
wave forms appearing at the line terminals of the station 
set as it is taken off hook and a button is pushed and 
released. 

It was 
ment for 


necessary to provide suitable receiving equip- 
the calling signals to permit overall tests. A 
diagram of an experimental receiver is shown 
Voice frequency signals from the station set 


schematic 
in Fig. 7. 
are transmitted through a line circuit to a “cutapart” 
filter, where the party identifying frequencies (478 cps 
to 1.000 cps) are separated from the digit frequencies 
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(1,111 eps to 2,868 cps). Each group is then sent through 
one of two similar analyzing circuits, each consisting of 
an amplifier-limiter, selective circuits. a translator, and 
trigger circuits. A common enabling circuit is provided 
for talk-off protection. Both analyzing circuits terminate 
in a register where the information is available to subse- 
quent elements of the switching system. In the laboratory 
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Fig. 8—Waveforms illustrating operations at a pulse receiver 
in pushbutton calling. 
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Fig. 1—Radio noise meter with loop and rod antennas provides 
quasi-peak response. 
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Radio Noise 
Measurement 


Conducted and radiated interference measure- 


ments. instrument characteristics and re- 


sponse standards are reported for a series of 


radio noise meters. 


HOWARD J. TYZZER 

Chief Engineer 

Ferris INSTRUMENT COMPANY 
Boonton, New Jersey 


\VIANUFACTURERS OF ELECTRICAL EQUIPMENT are not only 
concerned with the performance of their product, but 
also are faced with increasing Federal restrictions on 
incidental radio interference resulting from their use. 

Obviously, the radio interference does not constitute 
an audible noise until it passes through a radio receiver. 
In some cases the radio interference may result in 
hampering other forms of radio signals, such as radar, 
where no sound is involved. In spite of this fact. how- 
ever. the term “radio noise” is frequently applied to such 
interference. 

Radio noise from electrical equipment may be con- 
ducted along power lines to and from the devices. or may 
be radiated through space and picked up by receiver 
antennas. It is therefore necessary to measure both the 
conducted radio noise and the radiated field strengths 
established in space. 


Noise Sources 

Electrical devices which create a sharp wave front. 
such as are caused by sparking commutators, leaky in- 
sulators. corona and abrupt circuit changes. are all 
capable of setting up radio waves and causing inter- 
ference. 

Some of these disturbances may cover a wide band of 
radio frequencies, whereas in other instances, the inter- 
ference may be confined to either predominant radio 
frequencies or to a narrow band of the spectrum. 

The radio noise meter responds to a narrow band of 
frequencies, depending upon the bandwidth of the instru- 
Results 
obtained depend not only on this bandwidth, but also 


ment and the setting of the tuning controls. 


on the type of indicator employed, overload factors, and 
automatic gain control. if used. 





Measurement Standards 


In order to correlate results from various noise meters, 
standards have been established both here and abroad. 
Such standards were created by a Joint Coordination 
Committee of EE], NEMA and RMA in 1940, and have 
been in operation for more than a decade. Advances in 
the radio art, many of which stemmed from World 
War II. have indicated the desirability of bringing the 
standards up to date. which is at present being done in 
the United States by the American Standards Associa- 
tion (ASA). 

Due to the complex nature of countless types of radio 
disturbances. and their varying effects on various forms 
of radio communication. the establishment of standards 
which satisfy all conditions is not an easy task. In the 
interim. however. radio noise meters have been produced 
which incorporate improvements and features aimed at 
bringing correlation between various instruments and 
increasing their usefulness. 

The measure of radio interference from any given 
piece of electrical machinery is usually expressed in 
microvolts. microvolts per meter, or microvolts per kilo- 
cycle bandwidth. The significance of these three different 
terms is explained in the following paragraphs. 

Measurements made by direct connection of the noise 
meter to the device indicate the radio frequency micro- 
volts at the terminals of the machine, and are called 
Radio Influence Voltage Measurements. If the noise 
meter is of a standardized quasi-peak type (which will be 
described below) the result is expressed in the simple 
term microvolts. 

If the measurements are made with a so-called peak- 
type noise meter. the results are expressed in microvolts 
per kilocycle bandwidth. for reasons which will also be 
given later. 

Measurements of radiated interference in free space 
are expressed as microvolts per meter when made with 
a standardized quasi-peak noise meter. and are further 
qualified by the notation per kilocycle bandwidth if made 
with a peak reading meter. Space measurements are 
made with either a loop or rod antenna in the range from 
15 ke to 30 me. and the reading is often referred to as 
the Radio Influence Field. 

Radio interference may contain many different wave 
forms and involve countless frequencies, all of which 
affect the noise meter response. These wave forms are 
modified by the tuned circuits of the noise meter. so the 
shape and amplitude of the interference measured at 
the instrument meter diode may bear little resemblance 
to the original noise. 

For example. a narrow pulse suffers peak amplitude 
attenuation in inverse proportion to the bandwidth of 
the instrument. If means are provided at the instrument 
diode to measure the peak amplitude of the modified 
pulse and account is taken of the bandwidth of the instru- 
ment by expressing the result in microvolts per kilocycle 
bandwidth, the readings of instruments with different 
bandwidths may be correlated. 

This relationship holds only when peak voltage read- 
ings are made at the instrument diode and when the input 
is of the sharp impulse variety. Meters designed to read 
diode peak voltages are called peak reading noise meters 
and usually employ a slide-back type vacuum tube volt- 
meter and listening test to arrive at the result. 

Such peak measurements are time consuming and may 
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be difficult to make under some conditions. Then too. the 
peak value so obtained may be a poor indication of the 
interference or nuisance level, particularly if such peaks 
are of infrequent occurrence. 

Another type of measurement. which employs a quasi- 
peak response (previously referred to) integrates the 
interference over an appreciable time interval. and there- 
fore gives a closer approximation of the average noise 
level. 

This quasi-peak response, which is employed by most 
direct reading noise meters, produces a reading which 
lies between the average and peak levels. It is the result 
of charging a capacitor following the diode rectifier and 
allowing the capacitor to discharge through a relatively 
high resistance at a much slower rate than the charging 
time. The capacitor voltage actuates a vacuum tube 
voltmeter built into the instrument and is read on a plate 
circuit milliammeter of specified characteristics. 


Time Constants. A quasi-peak response was stand- 
ardized by the Joint Coordination Committee in 1940 and 
established the charge time of the diode capacitor at 10 
millisec. and the discharge time at 600 millisec. The long 
discharge time allows the indicating meter needle time to 
operate and provides a substantially steady reading on 
impulse-type noise. These diode time constants are fre- 
quently expressed as 10-600 or 10/600. 

In Europe, time constants for a quasi-peak noise metet 
were established at 1 millisec charge and 160 millise 
discharge time, or 1/160. This shorter discharge time 
results in a more jumpy needle response of fluctuating 
radio noise. but the short charge time has considerable 
merit. 

Instruments with the 10 600 time constants are typified 
by the Ferris Models 32-A and 32-B Radio Noise and 
Field Strength Meters. The Model 32-A was introduced 
in 1938 and is still being produced and widely used. 
The Model 32-B. which is a more sensitive version, was 
introduced in 1941 and is also in current production. 

These instruments have proven satisfactory for most 
radio noise measurements with the exception of the fact 
that the response to impulse type noise of very low 
repetition rate falls off due to the charge time of 
10 millisec. 

This type of impulse noise is characteristic of ignition 
interference at low engine speeds. particularly if the 
interference from a single spark plug is predominant. 
which makes the repetition rate very low. Under such 
circumstances, the peak reading noise meter has been 
used extensively because readings with the 10/600 quasi- 
peak constants are relatively low in value. 


Proposed Time—Constant Standards. As a com- 
promise between the peak reading instrument and _ the 
10/600 quasi-peak noise meter, the new standards pro- 
pose a 1 millisec charge time and 600 millisee discharge 
time, or 1/600. 

These time constants have been employed on more 
recent noise meters built by the Ferris Instrument Com- 
pany and the Stoddart Aircraft Radio Company and 


have resulted in adequate response on low frequency 


impulse-type noise. 

An example of a radio noise meter with 1 ‘600 time 
constants is the Ferris Model 32-D Radio Noise and 
Field Strength Meter shown in Fig. 1. Although this 
meter gives higher readings on low frequency impulse- 
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Fig. 2 
time constants. 


type noise because of the new time constants, it has been 
found desirable to include the response of the Models 
32-A and 32-B in order to correlate the vast amount of 
accumulated data taken over the past 15 years. For this 
reason the Model 32-D is now being made with both 
the 10/600 and 1/600 time constants selectable by a 
switch. 


Comparative readings taken with a variable frequency 


pulse generator. using both sets of time constants. reveal 
a considerable difference in meter reading at low repeti- 
tion rates. This is pictured graphically by the curves in 
Fig. 2 in which the meter response is plotted against 
pulse repetition rate for both the 1/600 and 10/600 
constants. 

At a repetition rate of 10 pulses per sec. using the 
1 600 time constants. the response is down less than 
6 db from the 1000 pulses per sec reading. so the need 
for a peak reading instrument is virtually eliminated 
using the new time constants. 

As long as various quasi-peak meters produce sub- 
stantially the same type of curves within reasonable 


Unlike the 


peak reading meter. the response of the quasi-peak instru- 


limits. good correlation may be expected. 


ment increases with decreasing bandwidth. so the pulse 
response varies somewhat with the radio frequency to 
which the meter is tuned. The curves shown were taken 
at 1 me. and somewhat higher response may be expected 
at lower radio frequencies because of tailing out of wave 
trains due to the narrower bandwidth. 

This is because the charge time of 1 millisec is long 
compared with the duration of the pulse. and the ringing 
of high-Q tuned circuits lengthens out the pulse. thereby 
providing more time for the diode condenser to charge. 
There are several other factors which influence the 
response of the quasi-peak meter such as overload, auto- 
matic gain control, and indicating meter characteristics. 
which are subject to standardization. These details are. 
however. beyond the scope of this article. which is con- 
cerned with available instrumentation and use. 


Radiated Interference 

Radio noise meters in the range of from 15 ke to 
30 me usually employ either a rod or loop antenna for 
radiated interference measurements. Several instruments 
may be required to cover this range of frequencies. For 
example. Model 32-D covers a range from 550 ke to 25 


10 100 1000 
Pulse repetition rate 


2—Noise meter response vs pulse repetition rate for two 
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me and is supplied with a rod antenna and provision 
for loop antennas. Five loop antennas are available to 
cover the complete range corresponding to the five tuning 
bands on the instrument. In addition. a so-called dummy 
antenna and 50-ohm matching impedance are furnished 
for conductive measurements. 

Rules 18.13 (a) and 18.77 (a) of the Federal Com- 
munications Commission specify the use of loop antennas 
for field strength measurements up to 10 mc. Generally 
speaking. loop measurements are considered more reliable 
than those taken with a rod antenna because the shielded 
loop is less affected by surrounding objects. and an 
overall calibration with radio frequency magnetic field 
is relatively simple and accurate. 

The loop antenna may be located remote from the 
noise meter and connected to it by a radio frequency 
transmission line or cable. In these cases, the loop is 
usually untuned and covers a wide range of frequencies. 
Actually, tuning the loop to the response frequency and 
providing several loops with an increasing number of 
turns with decreasing frequency raises the effective height 
and loop sensitivity. Tuned loops are usually mounted 
directly on the instrument and are tuned by the main 
tuning control on the noise meter. 

This arrangement is used on the Model 32-D. and 
various loops are plugged into a loop receptacle on top 
of the instrument. A small trimmer adjustment maintains 
the loops in exact resonance and a switch transfers the 
input from the loop to rod antenna. 

The rod antenna has an effective height of one half 
meter. so meter readings are multiplied by two to obtain 
field strengths in microvolts per meter. The effective 
heights of the loop antennas vary with frequency and 
charts are provided giving loop-multiplying factors for 
various frequencies. 


Conducted Interference 

When conducted noise measurements are made by 
actual connection to the electrical device. either a dum- 
my antenna or 50-ohm matching impedance is used to 
preserve accurate tuning of the input circuit in the noise 
meter. These accessories plug into the antenna receptacle 
in place of the rod antenna and provide means fot 
attachment of leads or cables to the equipment being 


measured for Radio Influence Voltage (RIV). 


(Continued on age 320 


Fig. 3—Fixed frequency noise meter for production checking 
incorporates variable time constant. 





Special-Purpose 


Flexible wire and cable are frequently 
critical components in the design of the 
end product. This article discusses the 
properties of materials that determine the 
performance characteristics of various 
types of flexible cords and cites examples 
of special designs to meet certain func- 
tional needs—for example, safety. ap- 
pearance (color). high temperature. cor- 
rosive atmospheres. and special configur- 


ations. 


JOHN DIXON, Chief Chemist 
CornisH Wire Company 
Williamstown, Massachusetts 


\N ASSEMBLY OF TWO OR MORE insulated conductors em- 
ploying flexible stranding can be described as flexible 
cordage. Flexible cordage. when cut to length and ter- 
minated with a suitable plug and/or a receptacle. be- 
flexible cordset. Since the primary 


comes a cord or 


Fig. 1 
vide better service in appliance flexible cords. 
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Typical grommets, strain reliefs and key holders pro- 


exible Cords 


difference between cordage and cable is size, we might 
also include in this category such items as welding ma- 
chine cables and airplane standby power and _ starter 
cables. 

In addition to the numerous commonly known applica- 
tions, flexible cords and cables are used in special ex- 
treme environments. To function in many of these en- 
vironments, the cord must often exhibit special character- 
istics such as extreme abrasion resistance or chemical re- 
sistance. Cords used in mines, for example, must have 
a high degree of abrasion resistance, crush resistance, a 
fair degree of chemical resistance. and, above all else, 
be flame retardant. Cords used in arctic regions are ex- 
pected to retain their flexibility at very low temperatures. 
Ability to perform under such conditions becomes a per- 
formance function of the flexible cord and a responsi- 
bility of the cord designer and manufacturer. 


Safety a Primary Function 

A primary function which must be considered where- 
ever electricity is involved is safety. Aside from the nor- 
mal quality considerations. the flexible cord manufacture) 
can frequently assist in safety design by incorporating 
a particular contact arrangement or a control circuit as 
a component of the cord. In instances where flammability 
might create a safety hazard. a flame-retardant material 
should be used as the outer covering. 


Aesthetic Considerations 

When properly designed for a particular application. 
the plug of a flexible cord blends in aesthetically with 
After meeting 
certain spacing requirements for the contacts, the designer 
is more or less at liberty to form the exterior as desired. 


the appliance as all components should. 


Generally the contacts are set either on the same plan as 
the wire axis or at right angles to it: other angles can be 
used. and sometimes are. Also. the geometric configura- 
tion of the wire can be, for most flexible cord applica- 
tions, either a flat parallel construction or a round con- 
struction. There is no need for the power connection to 
be an unsightly blob stuck onto the appliance as a neces- 
sary evil: it can be made complementary. 

Flexible cords as components of household appliances 
are particularly subject to consumer requirements or 
preferences in color. This means that careful color con- 
trols must be maintained. both by the cord manufactur- 
ers and by the appliance manufacturers. 


Electrical Requirements 


Functional design must. of course. be based on the 
electrical requirements of the application. Voltage re- 
quirements regulate the wall thickness of the insulation. 
Current requirements must be considered in choosing 
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Socket with 
grom- 


Fig. 3 


2 molded-on 


Fig. 2 Heavy-duty electric 
hoist cable is protected by steel met for refrigera- 


strain member. tors. 


the conductor. For certain applications, capacitance of 
the insulation can affect the electrical circuit, and both 
thickness and type of insulation will be of importance. 
\s a general measure of the electrical quality of an 
insulation, the wire and cable industry has used insula- 
tion resistance data. While such data are recognized 
as being of only relative value in most flexible cord 
applications, they are used as a guide by many procure- 
ment offices and are of importance in design considera- 
tions, 


Properties of Cord Materials 

The cord manufacturer designs cords for special ap- 
plications by the design engineer through the selection 
of the materials best suited for a specific requirement. 
\t times, the requirements are such that the best ma- 
terial for one property may be one of the poorer choices 
to obtain a second property. In such cases. the designer 
must compromise to obtain the best overall effect. Selec- 
tion of the components of a cord is dependent upon a 
knowledge of the characteristics of the materials which 
might be used. 

The general construction of cords is based upon the 
following components: 

lL. conductors 


insulations 


cable fillers 


= 
3 
1. shields (if required for the application) 
5 


protective sheaths 
6. contacts or terminals. and 
7. molded plugs. receptacles and grommets. 


Flexible cords usually contain copper, copper alloy. 


or copper-clad steel (Copperweld) conductors. Steel 


Table I—Properties of Cord Conductor Materials 


Fig. 4—-Safety elements in electric-blanket wiring system. 


strands are sometimes mixed in with the copper strands 
for added mechanical strength. Table I shows pertinent 
data. 

Thermosetting materials commonly used as flexible 
cord insulations are natural rubber, SBR and neoprene. 
Others which may be used on special-purpose cords are 
Buna N, butyl and silicone rubber. 

The most commonly used thermoplastic materials are 
polyvinyl chloride (PVC) and polyethylene. TFE-fluoro- 
carbon resin is finding application where temperatures 
are too high for the more conventional materials. Tem- 
perature ratings and other useful data for insulating 
materials are given in Table II. 


Cable Fillers 


When coverings are to be applied over two or more 
insulated conductors that have been twisted or cabled 
together, it is usually desirable to have a smooth, round 
assembly. To achieve this. cable fillers are used. The 
cable fillers may be a fibrous material or sometimes an 
extruded soft rubber filler is used. Fibers used are 
jute, cotton, rayon, nylon. or glass. Also, twisted paper 
breaking 
strength of the cordage can be affected by the choice 
of filler. In some cases where an extremely strong cord- 


fillers are used in some cords. The total 


age is desired. flexible steel or bronze strands are used 
as the central member. As such. they serve both as 


filler and strain member. 


Shields and Sheaths 

Certain applications of flexible cords require an elec- 
trical shield over the insulation of one conductor. 
groups of conductors. or over the entire assembly of 
conductors. In practically all wire constructions, this 





Material Tensile strength, psi, approx. 


Soft annealed copper 30,000-40,000 

50,000-70,000 
90,000 
105,000 


50,000-65,000 


Hard-drawn copper 
Cadmium bronze 
Phosphor bronze 


Copperweld 40% LC 
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Elongation, per cent Conductivity, % |ACS 
20-30 98 
0.8-2 96 

1 85 

1 35 


40 
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Fig. 6 
cable 
cable 


Airplane starter 
with molded-in 
stiffener. 


Red rubber 
body 


shield is a braid of fine copper wires. For some appli- 
cations, a foil-backed polyester tape with a small drain 
wire for terminating may serve the need electrically and 
result in a slightly smaller overall diameter. 

Protective sheaths applied over most cords are thermo- 
setting or thermoplastic extrusions, although there are 
still a few decorative lamp cords and heater cords which 
are covered with textiles. Extruded materials used as 
flexible cord coverings are natural rubber, SBR. Neo- 
prene, nitrile rubbers, PVC and polyethylene. Table II 
contains information which is useful in the selection of 
a suitable covering for specific applications. 


Terminations 


The electrical termination of cords is accomplished 


Table ti—Characteristics of Flexible Materials Which Might be Used in Cord Manufacture 





Thermosetting 
Thermoplastic 


Typical tensile of insulating 
compound, psi 


Typical tensile of jacket 
compound, psi 


Dielectric strength, volts 
mil 


Dielectric constant 
Power factor, per cent 


Insulation resistance 
constant 


Maximum approved oper- 
ating temperature, deg C 


Flame resistance 

Oil resistance 

Chemical resistance 
Weather resistance 

Wire types recognized by 
NEC and Underwriters’ 
Labs. “UL Subject 62 


Standard for Flexible Cord 
& Fixture Wire” 


c. trademarks. tNot 


Natural 
rubber 


X 


P 
P 
S 
G 


RF, FF, RFH, FFH, 
TP, TS, FX, X, CX, 
SP, SV, SJ, S, E, EO, 
HC, HPD, HSJ, HS, 
SR 


definitely 


established ; 


Linear 
Polyethyl- 
ene 


Regular 
Polyethyl- 
ene 


Silicone 
rubber 


Polyvinyl- 


Neoprene chloride 


X X 


2.3 
<0.05 
> 20,000 


75 75 


F F 
G G 
G G 


F-G F-G 
Not com- 
mon in 
cords at 
present. 
May be 
used in 
place of 
natural 
rubber or 
SBR 


Not recognized by UL. 

Is used in microphone 

and communications 
wires. 


might be « 
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through metallic contacts and blades. Various copper 
alloys are used for these parts. The choice of alloy 
depends upon the electrical requirements and mechanical 
severity of the application. Contact and blade arrange- 
ments usually follow the specifications of the American 
Standard for Attachment Plugs and Receptacles (ASA 
C73). Special arrangements can be employed, however, 
to fit unusual needs. If the service requires Underwrit- 
ers’ approval, deviations from standard may be ap- 
proved after special investigation. 

The housing for the contacts and blades can be 
either molded about the pre-positioned members, or it 
may be premolded with the members being assembled 
therein. Materials used to mold about the pre-positioned 
members are natural rubber, SBR, nitrile rubbers, Neo- 
prene, PVC. and polystyrene. Materials used in making 
premolded housings are the phenolics and cold molding 
materials, 


Grommets and Strain Reliefs 

Flexible cords are often stressed at a particular point 
due to the nature of an installation. To distribute this 
stress over a sufficient area and thus prevent early 





Rulan* 
flame- 
retardant 
polyethylene 


TFE- 
fluoro- 
carbon 

(Teflon) * 


Hypalon* 
chlorinated 
synthetic 
rubber 


Nitrile 


rubber Nylon 


X X 


1200 


1600 7000 


300 470 


>6.0 4.6 
3.0-5.0 4.0 
> 1000 4000 


75 


G P G 
G G F 
G G G 


G G G 
Not com- | Not com- 
monty 
used. Has 
potential 
applica- 
tion where 
excellent 
oil resist- oxidizing 
| ancies. chemicals 
needed. is impor- 
tant. 


Used prin- 
cipally in 
electronic 
applica- 
tions not 
covered 
by,UL. 


Used only 
for special 
applica- 
tions. 


where re- 
sistance to 
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failure of the system, strain reliefs are either molded 
in place or mechanically applied. Also, grommets may 
be molded onto the cord to protect the cord from cut- 
ting on sharp edges. The molded grommet can also act 
as a strain relief in removing the stress from terminals. 

Portable appliances, such as vacuum sweepers and 
power tools, utilize various molded grommets and strain 
reliefs for safety and increased service life (see Fig. 
1). In applications of this type, color is of considerable 
importance to appearance: therefore, the cord and grom- 
met materials must match the color of the appliance 
housing. Cord manufacturers often have available 
as many as two dozen variations of a single color such 
as gray. 


Special Cord Designs 

Medium- to heavy-duty equipment may require special 
features such as designed-in strain members to protect 
the cord from breakage. Figure 2 shows how electric 
hoist cables are protected against broken conductors. 

Production-line economies in wiring time and mate- 
rials utilization can be effected by the use of special 
assemblies developed by the cord manufacturer for the 
appliance manufacturer. Figure 3 shows how a refrig- 
erator wiring system was worked out with one manu- 
facturer. Figure 4 demonstrates how an electric blanket 
wiring system was designed with an emphasis on safety. 
Here again, color harmony was a very important con- 
sideration. 

The contour or configuration of cordage may be 
utilized to solve difficult design problems. As an ex- 
ample, the following problem may be cited: the round 
SJ cords employed in aircraft propeller defrosting units 
were frequently broken by wind resistance. When a flat 
SP type of wire was substituted, it was possible to 
install it in such a manner that wind resistance was 
no longer a bothersome factor. 

Safety precautions often make it necessary to have 
a control circuit in power cable applications. The small- 
er wires required by the control circuit are included as 
an integral part of the assembly. In the case of airplane 
starter cables, they are terminated in a common recep- 
tacle so that the power terminals must be in good solid 
contact before the control terminals mate to energize 
the power conductors. In this manner, arcing is elimi- 
nated during the insertion of the receptacle. 

Figure 5 shows a battery test probe as an example 
of a specialty item which cordset makers can supply. 
The special molded rubber caps replace a machined 
wooden part and are much more water- and acid-resistant 
than the originally used item. 

Airplane starter cables have been made easier and 
safer to handle by the incorporation of a cable stiffener 
which is molded into the receptacle along with the 
conductor terminals. Figure 6 shows a typical assembly 
incorporating the cable stiffener. 

Flexible cord design is not static. As special needs 
have become evident, cords have been developed to 
satisfy the need. Cords of the future will embody new 


features as our ever-changing environment demands. 
000 
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Specifications Review — 
a Key to Value Improvement 


The equipment specification is a potential 
source of poor value. Outlined here are 
criteria and guidelines for the evaluation 
and value-improvement of specifications 
and suggestions for organizing an effective 


specifications review program. 


T. C. REEVES 

Administrator of Value Engineering and Reliability 
RCA Surrace COMMUNICATIONS DEPARTMENT 
Camden, New Jersey 


CONFORMANCE WITH DESIGN SPECIFICATIONS requires in- 
vestment in materials and man hours throughout develop- 
production, processing and _ inspection. 
therefore. 


costs. They may be a primary cause of poor product value 


ment. design, 


Specifications, are directly responsible fo1 
and a primary obstacle to value improvement. 

Over-specification, on one hand, leads to unrealis- 
tically high requirements and calls for capabilities 
seldom or unlikely to be used, expensive out of all pro- 
portion to their contribution to final product perform- 
ance, or obtainable only by compromising more useful 
capabilities. Under-specification, on the other hand, leads 
to failure in use. Yet. while specifications may be faulty, 
they are also indispensable guidelines for engineering 
efforts. If the customer does not impose them, the pro- 
ducer must: for they provide a definitive means for as- 
suring that the ultimate product fulfills its need. 

The specifications problem is really how to evolve 
specifications which foster value improvement. This re- 
duces to the problem of how to classify the elements of 
a specification according to their contribution to the 
employable capability of the equipment and then how 
to identify 
with good value. 


and remedy those elements not consistent 


Specifications Classification 
A useful system of specification classification is pro- 
vided in MIL-V-19858 (Ships); Military Specification, 
Value Engineering of Naval Electronic Equipment: 
Essential Characteristics—Characteristics of an equip- 
ment representing the minimum operational. function- 
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al, maintenance and reliability needs of the user which 
must be fulfilled. 
Desirable Characteristics—Characteristics which are 
not essential but improve performance, reliability o1 
maintainability without excessive cost or complexity. 
Undesirable Characteristics—Characteristics which are 
not essential and which will result in unduly high 
cost or complexity, or will degrade the essential char- 
acteristics. Specifications may contain undesirable 
characteristics which are apparent only after the com- 
plexity of the design and total costs involved are es- 
tablished by the contractor. 
In addition to the classification of characteristics as 
essential, desirable and undesirable, they can also be 
Aside 


from the rare occasion when specifications exactly rep- 


evaluated from the standpoint of economic risk. 


resent the use requirements, they are either excessive 
or inadequate. These extremes can be translated into 
terms of producer’s risk and consumer’s risk. 


Producer's Risk and Necessity. Whenever the pro- 
ducer is required to make a product whose capabilities 
must well exceed the requirements to be made upon it 
in use, he is incurring an economic risk. The reason for 
this is that his product is being judged against unreal- 
istically high specifications. Some units of his production 
will fail to pass specifications, yet, by virtue of the 
margin of safety in the specifications, may still be able 
to do the required job. These rejected but usable units 
not only constitute a social waste but necessarily raise 
the cost of those accepted. Hence, the ideal specifica- 
tion from the producer’s point of view is one which 
all usable items can meet. 


Consumer's Risk and Sufficiency. The consumer 
incurs a more obvious risk whenever the specifications 
that govern his acceptance of a product do not encom- 
pass all the demands of use. Products accepted as passing 
the specifications will later fail when exposed to the 
actual stresses of use, again with social loss. From the 
consumer's viewpoint, the ideal specification is one which 
non-usable items can not meet. 


Resolution of the Risks. It can be seen that the 
ideal producer’s and consumer's specifications may be 
in conflict. But, while a conflict of interest may exist 
between producer and consumer, it is also axiomatic that 
neither can safely press his advantage to the extreme in 
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a competitive situation. Naturally, the efforts of the 
producer and consumer to negotiate a reduction and 
equalization in their respective risks entails compromise 


and this best compromise of economic risk is realized 


when each element of the final specification defines a 
characteristic which is both necessary and adequate to 
the intended use. 

To reach this mutual distribution and equalization of 
risk calls for negotiation based on an exploration of the 
risk by each party and the exchange of counter-proposals. 
Note that even a decline-to-bid or refusal-to-buy is a 
form of counter-proposal. One way or another, the 


equalization eventually occurs: the producer’s object 


should be to encourage it so that it takes place maturely. 
without producer-consumer 


terminating the original 


relationship. 


The Essential Standard of Measurability. Any 
such classification of characteristics, either as to degrees 
of essentialness or as to degrees of producer’s or con- 
sumer’s risk. implies that these characteristics are 
measurable. Compliance with a specification should be 
determinable objectively so that there can be no argu- 
ment as to whether it has been met or not. Specifica- 
tions that are not stated in a measurable form, and 
which call for a subjective appraisal of compliance, 
work to the disadvantage of both the producer and the 
consumer. For instance, a specification that an equipment 
be “reliable” or “maintainable,” without defining how 
reliability or maintainability are to be measured, gives 
the consumer no real assurance because whatever he gets 
will be reliable or maintainable to some extent. And if 
the producer uses such specifications in competitive 





2.0 Review Procedures 
2.1 Specifications Audit 


2.1.1 Objective: The objective of the specifications 

audit is to assure that adequate knowledge is 
initially available on which to estimate costs and plan 
the project, to anticipate likely information voids and 
obstacles, and to make provision for their treatment. 


2.1.2 Timing: The specifications audit is intended to 

be made at the time the engineering proposal 
is being made, after the originating group has firmed 
up the proposal, but before its completion and trans- 
mittal to Marketing. 


2.1.3 Material to be reviewed: The following material 
shall be available for review: 
a. customer specifications 
b. engineering proposal 
c. other data pertinent to the specific area 


2.1.4 Areas of assurance: The customer specifications 
and the design proposal shall be examined and 

compared to assure that: 
a. the customer 
measurable and sufficient to his real require- 
ments 
b. the quantitative reliability requirements are 
known sufficiently to serve as a design para- 
meter in system planning, circuit design, circuit 
part selection and application, and mechanical 
design. 
c. the customer requirements can be met with 
existing circuit types and parts, or necessary 
modifications or development efforts anticipated 
and provided for in the proposal 
d. facilities and test equipment are available 
or planned for 
e. the anticipated value engineering effort is 
properly scaled to the project, taking into con- 
sideration probable unit costs and customer 
requirements. 

2.1.5 Specifications review group shall include but 
not be limited to: 
a. project engineer 
b. staff engineer 
ce. marketing representative 
d. other engineers with experience in project 
area. 


specifications are necessary, 


2.2 Design Plans Review 


2.2.1 Objective: The objective of the design plans 

review is to assure that the initial approach is 
most consistent with theory and recent experience in 
the problem area, that the planned design sequence 
is orderly, that the schedule is realistic, that provision 
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has been made for necessary design support and that 
design reviews have been scheduled. 


2.2.2 Timing: The design plans review shall be made 

after the award of contract and after the cog- 
nizant engineering group has developed its basic de- 
sign approach but preferably before the design plan 
is committed to action. 


2.2.3 Material to be reviewed: The following material 
shall be available for review: 
a. contract specifications and commitments 
b. tentative project schedule including draft- 
ing 
ec. preliminary selections of system 
nents, basic circuits, major circuit parts, me- 
chanical layout and principal mechanical devices 
d. other data pertinent to the specific case. 


compo- 


2.2.4 Areas of assurance: The design plan, as evolved 
by the project group, shall be examined and 
compared with the contract specifications to assure 
that: 
a. the specifications are necessary, measurable 
and sufficient 
b. the initial design plan is based on utilizing 
the most promising system design and circuitry 
ce. a policy exists for the selection and applica- 
tion of all circuit parts consistent with stand- 
ardization, function, required reliability and 
cost 
d. a policy exists for the selection of basic ma- 
terials for the equipment, consistent with de- 
sign requirements, standards and cost 
e. the planned configuration embodies the 
best structural and mechanical practices con- 
sistent with design requirements, standards and 
cost 
f. the design plan has the benefit of recent ex- 
perience on similar equipments 
g- necessary facilities, test equipment, methods 
and personnel are available and_ tentatively 
scheduled. 


2.2.5 Design plans review group shall in general in- 
clude but not be limited to: 
a. the project leader 
b. the project reliability engineer 
c. the project value engineer 


plus, as appropriate to dominant problem areas: 
a. engineers from other product departments 
b. engineers from central services and engi- 
neering 

ec. field and technical representatives 

d. manufacturing and purchasing personnel. 
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bidding. he too is vulnerable. His price may be too high 
since he may be planning to furnish more reliability or 
maintainability than his competitor. 

It follows that buying or bidding against non-quantifi- 
able or not sharply defined specifications has the ele- 
ments of a guessing game more than of a rational, value- 
directed procurement. If it can’t be measured, it is 
futile and self-deceiving to invoke it. 


Specifications Review 

The analysis and classification of product character- 
istics as essential. desirable and undesirable or as nec- 
essary. sufficient and measurable are required to get the 
most usable capability per dollar. One way to accomplish 
this evaluation is by means of the specifications review. 

Inasmuch as specifications determine the scope of the 
engineering effort. the best time for this review is when 
the project is being set up and estimated. Thereby. un- 
necessary features can be eliminated before time and 
money are proposed to be invested to provide them. 
Likewise. necessary requirements can be added _ before 
it is too late to do so without dislocations in schedule 
and budget. 

The men most competent to evaluate specifications 
are those who are intimately acquainted with the real 
needs of the product. Superficial acquaintanceship with 
the problem will not do. The product engineer certainly 
plays a major role. Others include sales engineers and 
marketing representatives with intimate knowledge of 
customer needs. other product engineers not engaged 
on the particular project but with prior experience in 
the field. consultants and component specialists. value 
engineers and reliability engineers. Of particular value 
in this review are those men familiar with how the 
equipment is to be used and supported in the field: the 
technical representatives and field service engineers. 


A typical procedure covering the review of specifica- 
tions in the bid phase and again in the pre-execution 
phase is outlined in the accompanying table. Note that 
these early-phase design reviews are not restricted to an 
evaluation of specifications for value purposes, but that 
this does comprise a major portion of these early re- 


views. Later. as the design evolves, further design reviews 
can be made on specific electrical and mechanical por- 
tions. as well as a complete reliability analysis of the 
prototype and a final value improvement review of the 
pre-production design. 

Action on Results of the Specifications Review. 
The responsibility, and therefore the authority, for 
changing specifications ultimately rests only with the 
customer and the project engineer, both of whom 
shoulder personal responsibility for the performance of 
the final product. As a consequence, the proposals for 
specification changes which are generated in the review 
should always be considered as recommendations, not 
directives. Such reviews are a design support measure 
and their function is advisory. 

Factors in Revision of Specifications. The fact 
that a proposal for revision has been generated by a 
review panel of responsible persons will be favorable to 
its eventual acceptance by both project engineer and 
customer but the proposal should also satisfy three addi- 
tional requirements. 

First, the proposal should be technically documented 
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to support the criticism of the original specification. 
Here, facts are required, not opinions. 

Second, the proposal should be constructive as to the 
recommended re-statement of the specification. Practi- 
cally all specifications are evidences of legitimate needs: 
trouble arises only when they are ill-matched to the 
degree of the real need. Thus, the aim of the revision 
should be to re-define the design requirements con- 
structively so that they are adequately matched to the 
real need. 

Thirdly, the proposal should clearly state the ad- 
vantages resulting from the revision, especially advan- 
tages to the customer if his consent is required. No 
customer can be enthusiastic about revisions which only 
make the contractor’s job easier or more profitable. 

Qualifications for Intelligent Review. The intent 
of a specification is to assure that the product will have 
those features required to perform satisfactorily under 
conditions of use. Anyone, therefore, who proposes to 
revise a specification in effect proposes to substitute his 
own judgement of need for that of the specification 
writer. The implication is that the proposer must know 
at least as much about the real needs of current use 
as does the writer. 

Therefore. unless one is expertly and factually in- 
formed on the real need which the product is to satisfy 
and on the real conditions of use under which it is to 
satisfy that need, then one is not qualified to assume 
the responsibility implied by the proposal. The indispen- 
sable prerequisite to value improvement through specifi- 
cations review is accurate knowledge of use requirements. 
The same competent, first-hand knowledge of usage that 
is required for intelligent. productive specifications re- 
view is of course also vital to the basic technical de- 
velopment and design task itself. 

Summary. Specifications review is the key to sig- 
nificant value improvement. but to realize such an im- 
provement requires that both the customer and _ the 
contractor recognize and work together to meet certain 
needs. These needs are: 

1. To recognize that specifications are the most im- 
portant single factor governing product value. 

2. To recognize that all specified characteristics are 
not of equal importance to ultimate usability, that some 
may be extravagant requirements contributing to a pro- 
ducer’s risk and that some may be inadequate require- 
ments contributing to a consumer’s risk. 

3. To state all specified characteristics in definite. 
measurable terms. 

4. To establish a procedure for factually evaluating 
and classifying all specified characteristics. 

5. To constructively remedy those specifications which 
contribute to poor value. 

6. To demonstrate, convincingly, the advantages which 
will accrue to customer and contractor by specifications 
change. 

7. To conduct specifications reviews early enough to 
act effectively on the results. 

8. To assure that the personnel making the review 
have an accurate, first-hand knowledge of the use re- 
quirements. 

This last requirement is basic to the development and 
design of functional. reliable and maintainable equip- 
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In this article, the author discusses the selection of special motors for duty-cycle applications. Shown above are two such motors: 
(A) brakemotor in which the brake can be used to eliminate plug stops and thereby reduce total heating during a duty cycle; 
(B) auxiliary ventilation on this motor supplements the motor’s own self-cooling, thus materially increasing the cooling rate at 


slow speeds and during rest periods of a cycle. 


Duty-Cycle Motor Selection 


Considerations of good design and eco- 
nomics require that the equipment engi- 


neer utilize standard motors whenever 


possible, Applications are becoming more 
and more demanding, however, with re- 
gard to load variances and cyclie opera- 
tions. Some quick calculations will tell 
the designer what type of motor should be 


used to meet these special requirements. 


G. C. MORRIS 

Chie! Design Engineer 
Hower Evectric Motors Co. 
Howell. Michigan 


EQUIPMENT DESIGNERS ARE FACED with an increasing 
number of applications which require that the usual 
squirrel-cage induction motors involved perform under 
varying loads and with cyclic operation. In addition to 
greater demands for duty-cycle motors, there is a tend- 
ency toward specifying ultimate performance for this 
type of motor. The basic principles of sound design (as 
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wel! as of economics) in the face of such considerations 
give rise to the question. “When is it actually necessary to 
use a specially designed polyphase motor and when could 
a general-purpose motor be applied?” 

Basica'ly. the motor selected must meet the following 
requirements: 

e It must have adequate torque and speed to do the job 

intended. 

e It must be mechanically strong enough to withstand 
the stresses that will be placed on its mounting, shaft. 
and bearings. 

e Its temperature rise must remain within the limit 

appropriate to its insulation. 

Torque Requirements. Torque and speed require- 
ments are usually known factors or are easily measured 
or calculated. The load torque must be more than matched 
by the motor to permit proper operation, with a margin 
of safety, in the event of a reduction of line voltage. A 
voltage of 10 per cent below normal will reduce the motor 
torque to 81 per cent of its value at full voltage. Selecting 
a motor capable of 50 per cent more torque than the 
load requires thus provides only a 21 per cent margin of 
safety in the event of a 10 per cent reduction of voltage. 
This is a scant margin, especially if the torque demand 
is subject to change. Minimum torque requirements of 
the more popular types of motors are listed in NEMA 
Motor and Generator Standards. 

Strength Requirements. Genera'ly speaking. a mo- 
tor is designed with ample mechanical strength for the 
ratings which are built into it. For general purpose 
motors, NEMA Motor and Generator Standards list 
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recommended sprocket and pulley size limits which are 
useful as guides in the application of special motors. 
However, where there are unusual thrust or radial shock 
loads, the parts which are affected should be checked by 
the motor manufacturer. 


Motor Heating. With torque and strength require- 
ments satisfactorily met, the unknown quantity becomes 
the determination of heat rise and provision for a normal 
insulation life. Heat generation will be considered here 
in two parts: that generated during the running portions 
of the cycle as a result of inherent inefficiency and that 
generated by high slip during acceleration and deceler- 
ation. 


Effective Horsepower Load. During the running 
portions of a motor cyc!e, the load may vary. It is desir- 
able to establish an effective horsepower value for the 
running period. A straight average value of the varying 
load cannot be used for this purpose, since it is not high 
enough to take into account the lessened efficiency that 
a motor inherently possesses at operating loads other 
than that at which it is rated. A root-mean-square value, 
determined as follows, is more properly used for this 
purpose: 


hp? Xt + hp: x 


hp 
ht+h+t 


(1) 
where 
hp;, hpe, hps, ete. = actual horsepower load during any 

portion of cycle 
period of time for which the corre- 
sponding load exists (sec 
rest time during cycle (sec 
factor accounting for lower rate of 


cooling during rest. from following 
table 


Votor Synchronous Speed (rpm) 


3600 
1800-1200 
900 and below 


Temperature Rise from Driving Load. [he tem- 
perature rise of a motor driving a varying load is pro- 
portional to the 
mined above to the rated horsepower: 


ratio of the rms horsepower as deter- 


rg: oF 


AT, 
hPa 


(2) 
where 
AT, = temperature rise of motor operated under varying 
load (deg C) 

hpa = rated horsepower of motor 

AT. = temperature rise (in deg C) of motor operated continu- 
ously at rated horsepower. (May be below nameplate 
temperature rise rating: however, when actual test 
data are not available. the nameplate rating may be 
used with reasonable satisfaction.) 

Temperature Rise from Acceleration and Decel- 
eration. The duty cycle often contains starts, plug stops 
and plug reversals which can cause serious heating prob- 
lems. Inertia, frictional and torque loads. the performance 
characteristics of the motor, and the rate of cooling are 
important factors in determining the effects of such starts 
and stops. 

From the accompanying analysis of the induction motor 
equivalent circuit, there is a definite relation between 
the amount of heat generated during a plug stop or a 


*Applied to open and totally «closed, fan-cooled motors 
totally enclosed, non-ventilated motors 


104 


plug reversal of an inertia load and the heat generated 
in the normal starting of an inertia load. Assuming pure 
inertia loads, a plug stop generates the same amount of 
heat as three norma! starts, while a plug reversal gen- 
erates as much heat as four starts. (See Eqs 18a, 19a, 
20a.) In actual practice there generally is a frictional 
or torque load opposing the acceleration of the inertia: 
but. in the application of fractional and small integral- 
hp motors, this can usually be neglected because of the 
high accelerating torques characteristic of these smaller 
sizes. Where the frictional or torque load is heavy (es- 
pecially when large motors are being considered and 
little full-load 
it is necessary to plot the load against the 


accelerating torques are more than 
torques } 
speed-torque characteristic of the motor and _ deter- 
mine losses of the motor during sma!l increments of speed 
change. adding the incremental losses for a total and 
relating this to the cooling capacity of the motor. If, 
however. the same load which hinders the acceleration 
also aids deceleration to the same degree during a plug 
stop. the total loss from start and plug stop is actually 
somewhat less than if the load were pure inertia. For 
this reason frictional and torque loads. while they gen- 
erally hinder. also aid and can in most cases be neg- 
lected in figuring acceleration and deceleration losses. 

The following empirical equation is used to determine 
temperature rise due to accelerations and decelerations: 


(J, Jy , 60 


XAT. 3) 
1) iR ‘ 


AT: 
where 
motor inertia (Ib-ft®) 
load inertia referred to motor speed (1b-ft?) 
equivalent starts in one cycle 
running time of one cycle (sec) 
rest time of one cycle 
no-load reversal capacity of motor at full temperature 
rise rating (rev /min) 
AT, rated continuous-duty temperature rise of motor (deg C) 


Equation (3) may be simplified to 


ISAT; S.(Ja + Jr) 
Ja X R(t + t,/A) 


AT, (4) 
The no-load reversal capacity of the motor is the number 
of plug reversals the motor is capable of making at no 
load without exceeding its rated temperature rise. This 
value can be obtained from the motor manufacturer or 
determined by test. The motor inertia may similarly be 
obtained. 

Motor Selection from Total Temperature Rise. 
Combining Eqs (2) and (4), the total temperature rise of 
a motor on a duty cycle is 
hDeme X STa , 1S ATs X Seo + Jt) 

hpa Je X R(t + 14,/A) 

Start the selection of the proper motor by trying a 
low slip motor whose rated horsepower matches the 
hpyms of the duty cycle and which meets the torque re- 
quirements. If the second term of Eq (5) is greater than 
the first term and AT ,,. is in excess of the temperature 
limit of the insulation to be used. a motor with higher 
full-load slip but the same maximum torque is indicated. 
Here Eq (5) is modified as follows to include the effects 
of higher slip in the same motor as that first tried: 


AT (5) 


K X hpems X ATs , 15 AT, X S.GJa + Jr) 


AT 
hp. CX Ja X RWU4+4/A) 
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Derivations of Basic Equations for Motor Heating 


——" Fuentes 
Lass aos s) 


Votor 





Induction Equivalent Circuit 


From the equivalent circuit above, the power trans- 
mitted to the load is 


P; . (la) 
where per-unit slip, s, equals synchronous speed minus 
actual speed divided by synchronous speed, or 


s ae = (2a) 


Ws 


Substituting (2a) into (la): 


R < 
n 


Ws */ 
We 


Power is the rate of doing work 
P To 
where 
1 
torque Ja ' = 
dt 
inertia 
a angular acceleration 
t time 
Substituting (5a) into (4a) 
da 
dt 


p Je (6a) 
From the equivalent circuit the rotor power loss to 
heat (Pp) is 

P; PR (7a) 
Substituting (7a) into (3a) 


P P re (8a) 
Equating (6a) and (8a) 


Pro 


difference in per cent of slip between first motor tried 
and second 

1.6, where first motor had less than 5 per cent slip and 
second had 5 to 8 per cent slip 

1.9, where first motor had less than 5 per cent slip and 
second had 8 to 13 per cent slip 


Motor to be open, drip-proof, 1800-rpm. 
at least the torque of a 5-hp NEMA Design 
Load referred to shaft is 


Example. 
Requires 
motor 


B motor. inertia 


0.82 |b-ft*. 


Equivalent starts 
1. Start and run at 1 hp for 7 sec l 
Plug reverse 4 
Run at 7 hp for 2 see 
Plug stop 
Rest 20 sec 
Repeat 


Given duty cycle 
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Simplifying (9a) 
Prdt = J(ws — w)dw (10a) 
Integrating (10a) 


f Prd fH, «gil 


w 


Pal = J [ox _ a 


Ppt is the heat energy (W,) generated in the rotor. 


Expanding (lla) 
i | (12a) 


Wr J | (ous ~ Dt) — (eee 


By definition (see text): 


(11a) 


or ee ers (13a) 


and 


or Ww Ws ¢| Se) (1 ta) 


Substituting (13a) and (14a) into (12a) 


Jw; 2 
Wi = (s; — 8) (15a) 


Disregarding the core losses, which are comparatively 
small, the stator loss (Wg) is approximately propor- 
tional to the rotor losses (B R)- Therefore, using equa- 
tion (15a). the total motor loss (W;) is approximately 


Wr = We + Ws = (D) a 3 —s) (16a) 


Where D - 


Therefore: 


constant 


Wr = (E) (si — 53) 


W here y p J 


constant 


For one start: 

Wr = (E) (I? — 0°) Ds (18a) 
For one plug stop: 

Wy (FE) (2 
For one plug reversal: 

Wy (EF) (2 (0?) y (20a) 


(19a) 


From Eq (1) 


- “= y+ 2 


hi yak +E x2 \ 105 _ 5 cg 

7+2 + 20/3 EW | 
1800-rpm, NEMA Design B (less than 5 per 
cent slip), frame 215 motor with rated 40 C rise for con- 
tinuous duty. Motor inertia — 0.77 lb-ft?. No-load rever- 
sal capacity at 40 C rise = 9 per min. From Eq (5), 


Try 5-hp, 


the expected temperature rise may be calculated: 


m 259 x 40 
AT = 8 1 


15 X 40 X 8(0.77 + 0.82) 
5 0.77 X9 X ( + 20/3) 
= 20.7 + 70.2 = 90.9C 
This rise is obviously too high. Try same motor, only 
made in NEMA Design D (5 to 8 per cent slip) using 
Eq (6). 
as : ‘ 70.2 in ‘ a . 
AT 7X 1.3 4+ = 97.0+ 43.9 = 70.9C 
1.6 


(Continued on page 149) 
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A Low-Level, High-Accuracy, 
D-C Magnetic Amplifier 


Magnetic amplifiers can be used _ to 
measure accurately and reliably d-c sig- 
nal voltages from transducers such as 
Per- 


formance similar to that of chopper am- 


thermocouples, strain gages, etc. 


plifiers can be obtained. One possible 
advantageous feature is complete elec- 
trical isolation between transducer and 


le vad. 


BLAS A. MAZZEO, Project Engineer 
THe Arrpax Propucts ComMPANy 
Fort Lauderdale, Florida 


LOW-LEVEL D-C AMPLIFIERS find application in all phases 
of instrumentation. They are useful in data gathering. 
telemetering and control systems and as preamplifiers in 
multi-channel transducer measuring systems where the 
analog information is to be reduced to digital form. 
Applications as recorder and galvanometer drivers and 
as accurate null detectors are also common. 

The need for low-level d-c amplifiers for thermocouple. 
strain gage and other transducer voltages usually arises 
from one or a combination of these factors: 

1. Not enough power is available from the transducer 

to make direct use of the electrical data. 

2. Loading of the transducer is to be prevented. Lead 
calibration is avoided by working the transducer 
high impedance. 

3. Because of grounding considerations, complete elec- 
trical isolation is desired between the transducer 
and the load. 

Generally, the ideal characteristics that should be met 

by a transducer amplifier are: 

. High input impedance 

. Linear amplification 

. Good zero stability, low null drift 
. Gain stability 

. Reliability and long life 

. Input-output isolation 


OMe wh 


= 


7. Low output noise 
8. Appropriate speed of response 

Basic Theory on Magnetic Amplifier Accuracy. 
In Fig. 1, A represents the amplifier transresistance or 
ratio of output voltage to input current; J, is the null 
offset referred to the input or the input current that 
would be required to cancel the amplifier output voltage 


offset: E 


total input loop resistance consisting primarily of source 


is the full-scale source voltage: and R,, is the 


resistance and input winding resistance. The value of / 
is primarily a function of temperature, supply voltage. 
and initial amplifier imbalance. 
The amplifier full-scale output is 
BA 


R, ”) 


The second term. /,A, is an undesired output and is best 
expressed in terms of a percentage of the useful output 


100 JR, 


2) 
E ( 


Full-scale percentage null error 

The percentage null error is independent of the amount 

of feedback that could be applied to the amplifier since 

both useful and undesirable output would be reduced by 

the same factor. If /, is the signal required to reduce 

the output to zero with no feedback, the same /, is 

required with feedback to reduce the output to zero, and 

1,R,/E 

Figure 2 shows a magnetic amplifier circuit with 
negative feedback. Neglecting null offset: 

E. Ri, + Rl (3) 

E. 1/ RI, + (Ri + RDIe (1) 

Combining equations (3) and (4). E, 

terms of E;: 


remains constant. 


is obtained in 


KARE, 
KR, R 
where 


Re + R, 


. R, 


Equation (5) approaches KE; for large values of A. 
The differential of (5) with respect to A is: 


» — pp [(A + KR. — Ri) —-A 
dE, = KE [ (A + KR, — R,}* 


; -) KR, — Ri 
= KE; la + KR. — Ry dA 


dA 
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This may be divided by Eq (5) to obtain an expression 
for the ratio of change in output to output in terms of the 
ratio of change of transresistance to transresistance. 


dE [ RR, — Rk ia 
E iA + KR — Ai" 


\ssuming that A is much larger than (AR, 


Eq (7) may be simplified to 


bk \ \ 


shows that a percentage change in the 


> 


Equation (8) 
amplifier open loop gain or transresistance will be de- 
creased by the ratio of A to (AR, R,) due to the 
negative feedback. Since the voltage fed back bucks the 


source voltage, only a current equal to E,,/A must exist 


te? ; aa Fig. 1 
in the control winding to yield an output E,. The am- ad 
plifier input resistance seen by the source is: 


AR, 


)) 
h ( 


{ A for 


From the above analysis the following 


Input resistance R; is essentially equal to 
large values of A. 
veneral conclusions can be made: 

1. Since percentage null error increases linearly with 
increasing input loop resistance. amplifier perform- 
ance deteriorates with increasing source resistance. 
Gain stability decreases with increasing input loop 
resistance Eq (8). Thinking of the physical prop- 
erties ratifies this: magnetic amplifiers are essen- 

tially current-input voltage-output devices: increas- 
ing input loop resistance is equivalent to reducing 
the amplifier open loop gain. 

For a stable amplifier, the null current input re- 

















Block diagram of basic magnetic amplifier in computer 


symbols. 



































ferred to the preamplifier must be kept low and 
stable. The amplifier null error referred to the input 
is essentially independent of the number of stages 
and degree of feedback. 

For a desired overall voltage gain. gain stability 
is improved with increasing transresistance. This is 
equivalent to increasing open loop gain. 


cae 


| 





\ 
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Basic magnetic amplifier with negative feedback. 











Harmonic 
pre-amplifier 








Second stage 
Fig. 3—-Block diagram of three-stage data amplifier. 
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5. The amplifier input resistance is artificially raised 
by feedback and becomes essentially independent of 
the amplifier control winding resistance for large 
values of transresistance and heavy feedback. 

Magnetic Data Amplifier. Figure 3 shows a block 

diagram of the complete amplifier. A harmonic type of 
preamplifier with a very stable null is followed by a 
double-ended. full-wave magnetic amplifier to obtain a 
high open-loop gain. Negative feedback is applied to the 
combination to obtain high stability, linearity and high 
input resistance. The output stage consists of a full-wave, 
double-ended amplifier with two isolated control wind- 
By using one winding to carry the signal and 
another to apply heavy feedback. complete electrical isola- 


ings. 


tion between amplifier input and output is obtained. 
Floating windings allow grounding of any point in the 
source input circuitry and of any point in the output 
circuitry. 

1. The 


two cores are purposely mismatched to obtain optimum 


The basic preamplifier circuit is shown in Fig. 


performance. The resulting variations in amplitude of 
the two halves of the output wave are not harmful and do 
not contribute to non-linearity. The zener diode circuit 
provides a d-c level for the output and blocks the small 
amount of a-c induced in the output due to the mismatch 
during periods when the control signal is zero. The output 
of the transformer has a wave shape similar to that shown 
at A in Fig. 5. 
greater magnitude than the negative pulses. the effective 
d-c of the output is zero since the areas under the curve 


Although the positive pulses are of a 


on both sides of zero are equal. On the output side of the 
zener circuit the wave shape is as shown at B in Fig. 5. 
The zener circuit. acting as a constant voltage load. has 


Control 








Fig. Simplified schematic of preamplifier stage. 
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Fig. 5—Waveforms of output of amplifier before (A) and after 
(B) going through zener diode circuit. 


108 


subtracted an equal amount from both sides of the signal 
so that it now has an effective d-c value to be applied to 
the next stage of the amplifier. 

Amplifier Characteristics. To appreciate the ad- 
vantages of this system, consider the following character- 
istics of such an amplifier. The unit described is intended 
to operate from a 400-cycle, 115-volt supply. from which 
it requires approximately 5 watts of power. 

Null Stability. Over a temperature range from —55 
to +85 C, the preamplifier null offset referred to the 
input is less than 5 puw from a combined source and 


winding resistance of 500 ohms. This is equivalent to 


a null stability better than 50 microvolts over this wide 
temperature range. In room temperature environment 
the preamplifier d-c balance is better than 10 microvolts. 
The second and third stages of amplification contribute 
negligible null offset since the preamplifier has already 
raised the input power level by a factor in excess of 
100.000. 


Accidental thermocouples will also produce a d-c im- 
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Fig. 6—Amplifier null stability for various temperatures (A), 
25 C for six hours (B). 
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Fig. 7—Amplifier null stability for varying supply frequency 
(A) and voltage (B). 


ELECTRICAL MANUFACTURING 





balance. Such results can be minimized by keeping all 
input terminals close together and symmetrically located 
with respect to internal heat sources, avoiding tempera- 
ture gradients within the unit, keeping input circuitry 
away from heat dissipating resistors and using input 
components made of metal which has a low thermal emf 
when next to copper. For example. a wirewound resistor 
with only 2.0 microvolts of thermal emf with copper per 
degree C was used for the feedback resistor in series with 
the control winding. Curve A in Fig. 6 shows the d-c null 
stability of a typical data amplifier as a function of 
temperature, in microvolts referred to the input. Curve B 
shows the stability of the null at room temperature for 
{ and B of Fig. 7 show null 
stability as a function of supply frequency and voltage. 

Gain Stability. The open loop ratio of output voltage 
to input current for the first two stages of the data 
amplifier is 5 


a period of 6 hr. Curves 


10°. Eq (8) shows that when the am- 
plifier feedback ratio is set up for a voltage gain of 
100 (K 
500 ohms. a change in the open loop gain or trans- 
resistance will be decreased by a factor 4/(AKR, R,) 

L100. considering R 


100), assuming an input loop resistance of 


much smaller than AR,. as is 
usually the case. It would take 100 per cent change in 
the transresistance of the amplifier for the output to show 


a | per cent change in gain. Even under extreme tem- 


perature environments of —55 to +85 C, the combined 
transresistance of the first two stages will not change by 
For amplifier voltage gains of 
200 and 500, feedback-improving factors of 50 and 20 


more than 35 per cent. 
would be obtained. Curve A of Fig. 8 shows the gain 
stability of a typical amplifier as a function of tempera- 
ture for an amplifier gain of 100. Curve B of Fig. 8 
shows the amplifier gain stability at room temperature 
over a period of 6 hr. The dependence of the gain on 
supply frequency and voltage variations is shown in 
Fig. 9. Since the ratio of R. to R, sets the voltage gain 
of the amplifier directly, these resistors must be stable 
and have a very low temperature coefficient. Wirewound 
resistors with materials such as Karma or Evanohm, with 
temperature coefficient of =:20 parts per million, are 
suitable. 

Since a single stage of amplification is difficult to 
stabilize by itself due to its limited transresistance, the 
output stage is operated at approximately unity gain. 
utilizing heavy feedback. A feedback-improving factor of 
approximately 40 fully stabilizes that output stage since 
even under wide temperature and supply variations its 
transresistance does not change by more than 5 per cent. 

Linearity. Since each amplifier stage is intrinsically 
linear to about 1 per cent, the heavy negative feedback 
applied makes it possible to attain linearities of better 
than 0.1 per cent even with a feedback-improving factor 
as low as 20. Figure 10 shows linearity curves. For 
loads of 2500 ohms and higher the linearity is better 
than 0.1 per cent up to 5 volts output. For lower resistive 
loads the linearity range is less. Inductive loads do not 
affect the linearity. Capacitive loads directly across the 
output will deteriorate linearity slightly. 

Amplifier Impedance. The amplifier input d-c resist- 
ance is a function of the voltage gain for which it is 
set up, as indicated by Eq (8). The input resistance 
would be approximately 50,000 ohms for a gain of 100 
(K = 100); 20,000 ohms for a gain of 250. Assuming 
a control winding resistance of 250 ohms and a source 
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Goin change, percent 





! 
oO 





| 
| 


390 400 410 420 
Frequency, cps 














9—Amplifier gain stability for varying supply frequency 
and voltage (B). 





PS ie 


Be 


- 
a 
- 


Linearity deviation, 
per cent of five volts 











3 
Output, volts 





500 ohm food = — 
750 ohm load 
2500 0hm low —-—— 
a 





Linearity deviation, 
per cent of one volt 











250 500 750 
Output, millivolts 


Fig. 10—Amplifier linearity vs input. 





resistance of 250 ohms, a 35 per cent change in control 
winding resistance (temperature change from —55 to 


+25 C) would show only as a 0.15 per cent change in 
the amplifier input resistance for a voltage gain of 100. 
\ change in transresistance of the first two stages changes 
the input resistance more drastically as shown by Eq (8). 


However. the effect of this change on d-c amplifier 
accuracy is already included in Eq (7) where the effect 
of change in transresistance covers all factors that affect 
the relationship between the transducer open circuit 
voltage and amplifier output. 

The a-c or dynamic input impedance is a pronounced 
function of frequency beyond the prescribed 3-db band- 
width of the preamplifier. As the transresistance of either 
one of the first two stages decreases with increasing 
frequency, the voltage fed back to oppose the input signal 
also decreases. and the input impedance decreases cor- 
respondingly. With a 0.5 cps preamplifier. the amplifier 
input resistance is reduced approximately one half every 
time the frequency is doubled beyond 1 eps. 

The amplifier output impedance is approximately one 
ohm. Internal output loading of the amplifier in addi- 
tion to voltage feedback makes the output very insensitive 
to load variations and yields the effect of very low output 
impedance. 

Response and Noise. Capacitor C. 
been inserted to form a lead network in the feedback 


in Fig. 3 has 


loop. This helps stabilize the amplifier and prevents 
excessive oscillation and overshoot with square wave 
inputs. Figure 1] shows the amplifier output error for 
a step function input. The 63 per cent rise time is ap- 
Although the harmonic pream- 
plifier has a 3 db bandwidth of only 0.5 cps. the negative 


proximately 8 millisec. 


feedback increases the amplifier response to about 45 cps 
for an amplifier gain of 100. 

With a 400-cycle power supply. the magnetic amplifie: 
output contains 800 cps ripple which must be filtered in 
many applications. Low-pass inductor input filters are 
most effective since they present an inductive load that 
does not affect amplifier linearity and they attenuate at 
40 db per decade per section beyond their cut-off fre- 
quency. External filters that occupy only a fraction of 


the amplifier volume can be made. using tantalum 


capacitors. Two LC filter sections with 10 eps cut-off 


A 


Fig. 12—Amplifier before (A) and after (B) being encased. 
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will reduce output, ripple and noise to less than 5 micro- 
volts referred to the input. With such a filter, a common 
mode rejection of a 60-cycle signal of 145 db would be 
obtained. of which 85 db would be intrinsic in the 
amplifier and about 60 db contributed by the filter. 
Physical Characteristics. Figure 12 shows the am- 
plifier before (4) and after (B) potting. The case is 
0.030 in. drawn. cold-rolled steel and the electric  ter- 
minals are made by Lundey and are Teflon insulated. 
\ Hudson Mumetal can shields the harmonic reactor and 
control choke from external fields. Flat Mumetal washers 
shield and separate the stacked reactors of the second and 
third stage. The unit is potted with Minnesota Mining 
CRP 235 potting compound. The dimensions are 11% x 
414 x 31% in.; 
sealed and has a gain of 100. Higher gains are achieved 


weight, 2 lb 2 oz. The unit is hermetically 


by inserting resistance between two of the external ter- 
minals. Lower gains are attained by output attenuation. 














Fig. 11—Amplifier response to a step input. 
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Tus REVIEW WILL endeavor to bring into focus 
the problem areas and current state of the 
art of electronic materials and component parts 
required to sustain reliable operation under the 
extraordinary environments encountered by nuclear 
and supersonic military equipments. Ultrahigh 
temperature ambients (500 C and higher) and 
nuclear radiation effects (in combination or sepa- 
rately) are the primary considerations. Acoustical 
noise, extreme vibration, and the effects of ozone 
are other critical environments. Elevated tempera- 
tures in conjunction with gamma and_ neutron 
radiation become a problem also in the design 
of nonmilitary nuclear reactor instrumentation. 

A special order of thermal conditions exists with 
missile re-entry, with Fahrenheit temperatures 


mounting into four figures (4000 F-6000 F), but 
exposure times are extremely brief. In the future, 
with the prospect of manned missiles, re-entry 
thermal requirements may impose still greater 
design difficulties since deceleration will be at a 
much slower rate—so much slower that existing 
missile hardware could not survive. A breakdown 
of missile thermal problems provides a rough 
grouping: airbreather types (Bomarc, range 5000 
miles, speeds Mach 3 or 4, sustained flight) have 
heat problems: ICBM types (Atlas Titan/Jupiter, 
speeds Mach 18 to 25, high altitude flight) run 
“cool” except during re-entry. 

Electronic parts (basic circuit elements such as 
capacitors, resistors, switches, relays, transformers, 
crystals and waveguides) have been placed in ten 





Table I—Condensed 


Environmental Requirements Chart for Selected Electronic Parts® 





Environmental 


characteristics Group IV° Group VII 


Temperatu re: 
Operating 
Storage 


—65 to +125 C 
—65 to +71 C 


Pressure: 
Operating 
Altitude (ft) 
Nonoperating 
Altitude (ft) 


20.58 in. Hg 
10,000 
3.4 in. Hg 
50,000 


0.04 in. Hg 
150,000 
NA: 


Moisture (100 per cent 
relative humidity) 0c 10c 
Vibration: 
Cycles per sec 10-55 10-2000 
Acceleration (g) NA 15 


Shock: 
Acceleration (g) 50 50 
Time in millisec 11 +1 


Air-induced vibration: 
Cycles per sec 
Db above 2<10-* dynes 
sq cm 


150-9600 
160 


Acceleration: 
(Constant) g 50 
Time in sec 10 


Explosive atmosphere i 


Nuclear radiation: 

Neutron flux level (fast) 
Neutron /cm?-sec 10° 
Time in hr 40,000 

Gamma photon flux level 
Photon /cm?-sec 10° 
Time in hr 40,000 

Thermal neutrons e 


Life (x 1000 hr) | 
Operating 40 | 2 


30 





Storage 40 


—65 to +200 C 
—65 to +71C 


Group VIII Group IX Group X 


-65 to +350 C 
—65 to +71 C 


65 to +500 C 
65 to +71 C 


65 to +1000 C 
65 to +71 C 


0.315 in. Hg 0.04 in. Hg 
100,000 150,000 
NA NA 


0.04 in. Hg 
150,000 
NA 


10 c¢ 10 ¢ 10c 


10-2000 10-3000 


10-3000 
20 40 40 


50 50 50 
30 +1 1 +1 1 +1 
150-9600 150-9600 150-19, 200 
160 165 165 
50 50 50 
10 10 10 
NA NA | NA 


10" 10" 


1000 1000 


10" 10'5 
1000 | 1000 


2 10 10 
30 50 | 50 





*Source: “Environmental Requirements Guide for Electronic Parts,"” AGEP, Office 
of the Assistant Secretary of Defense, Research and Engineering, October 1957. 
Group IV—Includes nuclear radiation for general usage on shipboard and ground. 
Group Vil—Includes requirements for nuclear-powered aircraft and ballistic mis- 
siles. 

Group Vill—Pertains primarily to shipboard missile requirements. 

Group IX—Pertains to nuclear-powered weapons requirements. 

Group X—Pertains to nuclear-powered weapons requirements. 
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*NA = not applicable. 

4The part is to be tested in accordance with Procedure I of specification MIL-E-5272. 
©Thermal neutrons are not listed as a requirement, but since all neutron fluxes 
have some thermal component, this eomponent should be measured and reported 
with all tests. 
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“environmental groups” by the Office of the As- 
sistant Secretary of Defense (Research and Engi- 
neering) so as to provide a guide for environmental 
design requirements in current and future plan- 
ning of research and development programs. (1) * 


The ten groups (representing the needs of the three 


military departments) are as follows: 


Group |. Required to fulfill the needs for electronic hard- 
ware items handled by military personnel. 


Group II. Covers those items requiring highly stabilized 
components for general usage. 


Group III. Covers general usage of shipboard and ground 
components. 


Group IV. Includes nuclear radiation for general usage 
on shipboard and ground. 

Group V. Includes requirements for high-performance 
aircraft and surface-to-air and air-to-air missiles. 


Group VI. Includes high-performance 
specialized shipboard requirements. 


aircraft and 


Group VII, Includes requirements for nuclear-powered 
aircraft and ballistic missiles. 


Vill, 


requirements. 


Group Pertains primarily to shipboard missile 


Groups IX and X. Pertain to nuclear-powered weapons 
requirements. 


An extract from the Defense Department environmental 
requirements chart (Table I) shows how high and ultrahigh 
temperatures and nuclear radiation effects, either in com- 
bination or separately, affect Groups IV, VII, VIII. IX and 
X. Despite such documents as this guide, and much related 
literature in the form of military and industry reports, the 
precise nature of these environments still lacks definition. 
But one fact is inescapable: the environment to which 
modern war weapons and vehicles are subjected is so severe 
that electronic equipment built with currently available 
materials and parts cannot be expected to achieve the re- 
quired levels of reliability. 

In supersonic air vehicles and space craft this situation 
is obviously gravely critical, for here the electronic equip- 
ment is an integral part of the missile or plane. It cannot 
be separated from the airframe nor from the power plant. 
It is responsible for all the control, guidance, communication 
and tactical operations. It has been well said that “the more 
advanced the weapon system, the more dependent it be- 
comes on electronic equipment.” (2) 

Aircraft industry estimates (3) for top operating temper- 
atures within the next 5 years include 1200 F for prolonged 
exposure and 2000 F for a few minutes. A 10-year projection 
places operational temperatures at the 2500-F mark for a 
few minutes and at 4000 F for a few seconds. Design data 
for such service will be needed within the next 3 or 5 years. 

The need for ultrahigh temperature and radiation-resistant 
materials and parts is extremely broad. The complexity of 
equipment design is such that the availability of one or 
two components that meet extreme environment requirements 
will not necessarily make it possible to achieve useful design 
of the end equipment or device. 

The reference to “electronic” materials and parts fol- 
lows current practice, but this usage does not by any means 
exclude components of the power system. For example, 


*Italic numerals in parentheses refer to Cited References at end of the 
article. 
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Fig. 1—Ram temperatures vs flight Mach numbers and melting 
points of various materials and components. Arrows point to 
rising temperature level of component development programs. 
Source: General Electric Company, Burlington, Vermont (4). 


in electric motors, which normally operate at a temperature 
considerably above the ambient, ratings are limited by the 
temperatures which the insulation system will withstand. 
These limitations are aggravated by increased resistance at 
higher temperature, degradation of magnetic characteristics, 
and reduced ability of brushes, bearings and lubricants to 
operate efficiently. 


Problem Areas—Basic Design Parameters 


Rise of ram air temperature vs Mach number is the basic 
cause of the ultrahigh temperature problem in supersonic 
electronic equipment. Figure 1 illustrates how a thermal 
barrier is set up in sustained flight at high Mach numbers. 
(4) With the approach to Mach 3 and higher speeds, any 
attempt to solve the temperature problem by cooling or 
“refrigeration” may impose weight penalties that become 
intolerable. The desired solution is a design that provides no 
loss in function, none in reliability, and minimum possible 
weight. 

Under existing conditions each design decision has to 
be based on the specific temperature range imposed by 
operating conditions, the required degree of reliability, and 
the availability of materials and components tolerant to 
the spectrum of temperatures encountered. The alternative 
approaches may be simplified to: 

1. electronic miniaturization combined with cooling tech- 
niques, or 

2. high-temperaturization. 

High-temperaturization, however, is not necessarily op- 
posed to miniaturization as such. Obviously, the avail- 
ability of ultrahigh temperature materials and parts should 
make it possible to design circuits of greater compactness, 
closer spacing, and decreased weight. 

A consideration of the temperature problem, however, 
involves more than the source or the magnitude of the 
environment. Concomitant factors such as extreme low tem- 
perature operation (for example, —50 C) and 100 per 
cent RH create entirely different problems than, say, 500 C 
operation alone. 

High temperature problems obviously dictate sharp 
changes in accepted packaging concepts. A typical analysis 
of the problems (4) lists the following considerations: 

1. There is a trend toward more severe vibration require- 
ments, but heat sinking and vibration isolation are con- 
flicting factors. 
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Fig. 2—Effects of nuclear radiation on capacitors. Considerable 
variation in effects is shown between samples of the same type 
(CP04A1EE1004M) from different manufacturers. Source: 
Wright Air Development Center (7). 


2. Organic materials, with few exceptions, cannot be used 
above 260 C (500 F). 

3. Connections must be made by welding (or brazing) 
for equipment temperatures above 260 C (500 F). 

4. Insulation materials for capacitor dielectrics, hook-up 
wire and similar applications tend to deteriorate rapidly in 
the range of 750 to 1000 F (approximately 300 to 540 C). 

5. Physical strength, resistance to oxidation, expansion 
rate and thermal conductivity characteristics of materials 
must be thoroughly examined for the Mach operating tem- 
perature under consideration. 

A dual approach to the high-temperature problem with 
optional use of 125 C components is pursued by the Navy. 
The electronic equipment designs are based on transistorized 
micro-miniaturization techniques that possess high reliability, 
ease of maintenance and stability during storage. Supple- 
mentary use of evaporative cooling methods will be dictated 
by what can be accomplished in the development of selected 
parts for operation at 500 C and higher. The recommended 
program is to develop both reliable 125 C components and 
500 C+ components. In some instances, where cooling would 
be impractical, 500 C components would be required. 

Extreme vibration and acoustical noise are two critical 
associated environments. Vibration spectrum may include 
15 g at 25,000 cycles. Acoustical noise level is steadily 
mounting in missile operation. The problem may become 
particularly acute when some component part or element 
unexpectedly becomes a resonator. It is quite possible that 
a high-temperature-tolerant material may be adversely af- 
fected by acoustical noise. Much study has to be directed 
toward this problem; at present there are but limited 
statistical design data. 

Nuclear radiation environment in military equipment 
is primarily a problem in the design of prime movers 
(nuclear propulsion). The weight penalty for shielding is 
very high in nuclear-powered aircraft. Control elements 
located in the reactor area in particular urgently need 
radiation protection. The electronic systems in missiles 
may also be exposed to high levels of radiation for short 
periods. Here again, shielding involves weight considerations. 
The radiation problem, however, is much less critical in 
nuclear-powered submarines since the propulsion plant can 
be thoroughly shielded without creating any weight penalty. 

A distinction should be made between the effects of pulse 
radiation resulting from the explosion of nuclear weapons 
and the effects of sustained radiation exposure that occur 
with nuclear propulsion. (5) Radiation pulses produce 
ions throughout the exposed electronic equipment, which in 
turn may produce spurious currents that may cause serious 
malfunction of the entire system. Sustained radiation ex- 
posure not only produces ions but causes a gradual deteri- 
oration of the electrical and mechanical properties of com- 
ponents and ultimately of the entire system. 
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Radiation effects should be studied as functions of a 
“rate effect,” as may be applicable to the reversible pulse 
effects, and as “dose effects,” related to the irreversible 
effects of long-time or sustained exposure. Electronic com- 
ponents should be evaluated as to their vulnerability to both 
types of radiation environments. An appreciable difference 
exists between the degree of susceptibility to these two 
effects. 

Next to exposure in a nuclear reactor, exposure to nuclear 
explosion pulses is believed to produce the most severe 
effects on electronic equipment. Rather skimpy unclassified 
reports from British sources (6) summarize effects of 
radiation from explosion of a so-called “nominal” bomb 
(equivalent to 20,000 tons of TNT). This was apparently 
a ground burst. Location of electronic equipment some 2300 
ft from point of explosion would correspond to “total destruc- 
tion” range. If escape from such destruction were achieved, the 
exposed equipment would have acquired about 10‘ roentgens 
of gamma radiation and about 101° fast and 101! slow neutrons 
per sq cm. A 20-kiloton explosion is relatively small, but avail- 
able data make it possible to extrapolate for larger explosions. 

The distance for “complete destruction” increases by a 
factor of the cube root of the increase in the kilotonnage 
of the explosive. If the explosion is not of a very different 
type, the gamma ray and neutron curves will rise by a 
factor equal to the kilotonnage. The curves, however, drop 
quite rapidly with increasing distance. The increased dis- 
tance for “complete destruction” more than compensates 
for the increased neutron and gamma yield. For a given 
degree of blast or heat damage the neutron and gamma-ray 
dose is actually smaller in the case of a larger explosion. 

Information is also given in the same British source on 
the gamma exposure of an aircraft flying through a radio- 
active cloud in the case of a “nominal” explosion. For a 
vehicle travelling at 15,000 ft altitude at 300 mph through 
the cloud 90 sec after the explosion, the total dose is approx- 
imately 550 roentgens. Extrapolation for a larger explosion is 
here more difficult. The actual increase is likely to be one 
or two orders of magnitude greater, say 10‘ roentgens. 

One of the most vital design problems in connection with 
nuclear radiation effects on electronic materials and parts 
is the relative lack of information on which to base realistic 
procurement specifications. The establishment of such re- 
quirements on a broad basis should go a long way toward 
the development of consistently radiation-tolerant materials 
and components. The wide differences found in commercial 
components of any one type from manufacturer to manu- 
facturer are shown in Fig. 2. Differences as extreme are 
found even between batches from individual manufacturers. 


(7) 


Problem Areas—Specific Needs 


As already stated, specific needs for ultrahigh temperature 
and radiation-resistant characteristics are extremely broad. 
Almost every type of component is involved: transformers, 
electron tubes, semiconductor devices, resistors, capacitors, 
hook-up wire, magnet wire, thermocouples, dielectric and 
magnetic materials, seals, servos. The importance of high- 
temperaturization of electromechanical components in par- 
ticular is not as fully realized as it should be. Very little 
work apparently is being done in high-temperature solder- 
ing and connecting techniques. A high percentage of high 
temperature problems has been traced to mounting hardware. 
There is great need for bearings, lubricants and mechanical 
actuator-type devices. Transducers for sensing of pressure, 
temperature, position and various transient phenomena are 
usually closest to heat and radiation sources, and therefore 
are particularly critical items. 

Radiation resistance, of course, is a concomitant require- 
ment in many applications. Complexities of design require 
the availability of an adequate variety of suitable components 
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tu make construction of a reasonably efficient and reliable 
electronic system possible. 

The concrete problem faced by equipment and systems 
designers is simply this: the preponderance of commercially 
available components contains organic materials and there- 
fore inherently lacks competence for ultrahigh temperature 
service. It is therefore generally agreed that, for such 
service, completely new materials and new component de- 
signs and configurations appear to be necessary. Although 
simply stated, this is far from an easy task to accomplish. 
Military specifications have existed for years calling for 
reliable performance at 125 C under stated conditions, yet 
the levels of performance of available parts are, in many 
instances, still far from satisfactory. 


Organic materials again are the limiting factor with 


respect to requirements for radiation resistance, although 
many components that contain organics are able to with- 
stand high radiation dosages if temperatures are kept low. 
But the future of ultrahigh temperature and radiation- 
resistant components lies well within the area of inorganic 
material, since these provide stability greater than that of 
organics by several orders of magnitude. 


Performance Requirements in Brief 


What are the highlights of some specific materials and 
components problems as seen by designers in the field? 
Here is a rundown of some frequently stated requirements: 

Insulation and dielectrics. Improved purity of materials 
is required to provide increased resistivities and reduce 
polarization effects under d-c load at the high temperatures. 





Table Il — Condensed Navy Requirements for 
Ultrahigh-Temperature Dielectric Materials for 
Electronic Components* 





VOTE: All materials and parts listed here shall have a mini- 
mum life of 500 hr at 350 C (ambient) and a target life objec- 
tive of 3000 hr at 500 C, and shall be rated as to their ability to 
withstand neutron radiation at a rate of 5000 rads per hr and 
gamma radiation at a rate of 2.7 & 10° roentgens per hr. 

1. Potting Compounds: A potting material is defined as a 
substance used to fill the space between an electronic compo- 
nent and its metal container (such as a transformer and its 
case). The material shall be liquid when applied and have a 
boiling point between 500 and 600 C (or higher). Dielectric 
strength shall be greater than 40 kilovolts, and preferably not 
less than 60 kilovolts, at 60 cycles frequency and 500 C when 
measured with an ASTM test cup with % in. plane electrodes 
0.100 in. apart. Dielectric constant at 500 C and 1 me and 100 
me shall be less than 2.5, preferably not greater than 1.5. Dis- 
sipation factor at 500 C and 1 me and 100 me shall be less than 
0.005, preferably not greater than 0.001. The coefficient of vol- 
ame thermal expansion per deg C between 25 and 500 C shall 
be less than 0.005, preferably not greater than 0.004. 

2. Embedding Compounds: The dielectric material shall be 
suitable for embedding electronic parts. It shall be of a form 
suitable for application with minimum shrinkage and porosity; 
shall be inorganic or semi-inorganic in nature; shall closely 
match metals in thermal expansion; and shall withstand ther- 
mal shock. The material shall have a dissipation factor at 1 me 
and 100 me less than 0.9, preferably not greater than 0.07. 
Dielectric constant at 500 C at 1 me and 100 me shall be less 
than 9.0, preferably not greater than 5.0. The volume resistivity 
at 500 C shall be greater than 108 ohm-cm, preferably not Jess 
than 101° ohm-em. 

The volume resistivity at 23 C after 240 hr at 70 C suspended 
over water in a sealed container shall be greater than 108 
ohm-cm, preferably not less than 1013 ohm-cm. The electric 
strength of a \% in. thick specimen at 500 C measured at 60 
cycles shall be greater than 500 vpm, preferably not less than 
1000 vpm (short-time test). The material shall be self-extin- 
guishing when tested as specified in MIL-I-16923C. It shall be 
evaluated by the applicable methods specified in MIL-I-16923C 
modified to use 500 C in tests involving high temperatures. 

3. Impregnating Materials: The dielectric material shall 
have a viscosity such that it can be used to vacuum impregnate 
parts such as transformers and capacitors. The material shall 
fill internal voids it. the electronic component, reduce corona 
effects, minimize internal movement that may result from vibra- 
tion, and protect the component from effects of external en- 
vironment such as moisture, contamination or oxidation. The 
impregnant shall bond well to and closely match the thermal 
expansion characteristics of the component impregnated. Elec- 
tric strength shall be greater than 1000, preferably not less than 
1500 vpm, at 60 cycles and 500 C. Dielectric constant at 500 C 
and 1 me and 100 me shall be less than 9.0, preferably not 
greater than 5.0. Dissipation factor at 500 C and 1 me and 100 
me shall be less than 0.9, preferably not greater than 0.07. The 
sintering or curing temperature (including exotherm, if any) 
shall be less than 500 C, preferably not greater than 100 C. 
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4. Capacitor Dielectrics: The capacitor dielectric shall be 
nonhygroscopic and neither brittle nor fragile at 500 C. It 
shall be capable of being used in a capacitor in that it is 
compatible with electrodes, embedding compounds, etc. and 
can be fabricated into the desired shapes and sizes. A 0.010-in. 
thick wafer of the material shall have a life of at least 500 
hr at 350 C and a target life objective of 3000 hr at 500 C 
ambient. Failure in the life test is reached when there is a 
change of more than 50 per cent in d-c volume resistivity. 
During the life test 30 vpm shall be continuously applied. The 
dielectric constant at 1 me frequency shall be at least greater 
than 15, preferably greater than 50. The quality factor (Q) 
shall be at least greater than 1000 at 350 C, preferably greater 
than 1000 at 500 C. The change in dielectric constant at 1 me 
from 23 to 500 C shall be not more than 30 per cent, preferably 
not more than 15 per cent. The short-time electric strength at 
500 C and 60 ecycles- shall be at least greater than 600 vpm, 
preferably greater than 1000 vpm. 

5. Magnet Wire:-The ultrahigh temperature magnet wire 
shall be designed to operate continuously with repeated cycling 
within the temperature range of —75 to +500 C and in environ- 
ments ranging from sea level to altitudes of 80,000 ft. The 
magnet wire insulation shall be as thin as possible to meet the 
electrical tests and the temperature-life objectives when wound 
into armature and field coils of rotating equipment, solenoid 
coils, or transformer coils in round sizes No. 20 to 36 AWG. 
The minimum dielectric strength at 500 C and 60 cycles shall 
be 200 vpm. The dielectric constant shall be less than 8.0 and 
the dissipation factor less than 0.01 at 500 C at frequencies up 
to 100 me. Conductor resistivity shall be not more than 125 
per cent of IACS. 


6. R-F Cable Dielectric: The dielectric material shall be 
capable of being applied to a stranded wire of a 0.012 in. 
diam. minimum. It shall be capable of being applied to a 
wire in thicknesses of at least 0.040 in. Electric strength of the 
dielectric shall be at least 500 vpm at 350 C in a 0.040 in. 
thickness with a target objective of 1000 vpm at 500 C in a 
0.040 in. thickness. Dissipation factor shall be a maximum of 
0.003 at 350 C between the frequencies of 1 and 5000 mc. Target 
objective for the dissipation factor is 0.0005 at 500 C between 
1 and 5000 me. Dielectric constant shall be a maximum of 4.6 
at 350 C between 1 and 5000 mec. Target objective for the di- 
electric constant is 2,0 at 500 C between 1 and 5000 me. The 
dielectric material shall maintain its properties for the specified 
life (see NOTE at top of table). The material shall not be 
hygroscopic or require protection from air or moisture. A 
0.040 in. thickness when applied to a stranded 0.012 diam wire 
shall be capable of being bent 180 deg around a mandrel 15 
times the diam of the core. 

7. Power Cable Dielectrics: The dielectric material shall be 
capable of being applied to a wire. Electric strength of the 
material shall be at least 500 vpm at 350 C and at frequencies 
of 60 and 400 cycles. Target electric strength is 850 vpm at 
500 C and at frequencies of 60 and 400 cycles. A 20-mil 
thickness of the material when applied to AWG No. 16 wire 
shall be capable of being bent 180 deg around a mandrel 15 
times the diam of the core. 


*Source: Department of the Navy, Bureau of Ships (November 6, 1957, Ser 
346-887). 
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Table Ill—Temperature Characterization of Electronic Component Parts* 
(All Values in Degrees Centigrade) 


(Continued on page 118) 





Limits 
based 
upon 
Gov't. 
Lab. 
evalu- 
ation; 
no 
specifi- 
cations 


Limits 
based 


Electronic part| cations claims 
Switches 
Rotary wafer 
Rotary 
enclosed 65 
Pressure 
Sensitive 
Thermal 
Vacuum 
Coaxial 
Contact 


85 (1) 300 


Relays. General 
Hermetically 
sealed 
Mercury con- 
tact 
Power control |150 
Sensitive 
Stepping 
Subminiature 
Telephone 
Thermal Delay 
Contactors 
Circuit 
breakers 
Choppers 
Vibrators 


Fuses 
Fuseholders 





Thermostats 


Thermocouples | 
Thermostats 
Snap action 


Meters 
Elapsed time 


Lamps 
Lampholders 





Shunts 





Thermometer 
Vartex 


Rectifiers 
Selenium 
Germanium 


Silicon 


Titanium 
dioxide 


Rectifiers 
Copper oxide 
Tellurium 
Other 
Aluminum 

antimonide 


Batteries 
ry 

Wet 

Solid electro- 
lytic 


Motors 
Motors 
Dynamotors 
Terminal 

boards 


Sockets 
Tube 
Diode 
Transistor 
Transmitter 

tube 
Printed 
circuit 





Seals 
Hermetic 


Terminals 
hermetic 
Tube shields 

Connectors 
Multi-Con- 
tact AN 
Hermetically 
sealed 
Multi-contact 
miniature 
Rack & panel 


165 (58) 


Single-contact 
sealed 
Crimp type 
Power (blade 
type | 
Coaxial 500 





Taper pins 300 (71 
Other 
Solder 
Other 
Shock mounts 


Cable clamps 300 (76 








*Source: This tabulation is adapted 
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Prob- 
able 
limits 
based 
upon 
use of 
avail- 
able 
ma- 
terials 


500 (2 
500 (4 


500 





400 (73) 





from a Bureau of Ships compilation of the same title, identified as Ser. 





Active, 
planned 
or com- 
pleted 
R&D 
con- 
tracts 


72) 


74) 
75) 


NOTES: 

1. MIL-S-3786 
to 8 C. 
2. Use of 
400 C. 
etc.) 


specihes operation to 65 ¢ Storage 
ceramic beyond 
Ordinary spring (beryllium copper, 
degrade at approx 400 C. High temp. spring 
alloys exist (stainiess 410) ior than 
500 C use. 

3. AF33(606) -29252 
section, 100 
4. Use of 

copper (i.e. 


can permit 


contacts 


operation 


steel greater 
initiated 1-55; 8 
ma, 300 volt d-c (sealed) miniature. 
ceramic (or equivalent) and beryllium 
Berylco 10 or Iconel X) might permit 
upwards of 400 C operation. 

5. Sensitive switches per MIL-S-6744, 6179, 6743 and 
6763 can operate up to 85 C. 

6. JAN-S-57, no temp. 

7. Proposed USAF R&D. 

8. Tentative USAF R&D, investigation and 
ment of materials, configuration, surrou: ding medi- 
um, pressure supporting structure, etc. Proj. 4155, 
Task 41786. Proj. 4155, Task 41783 on S00 C 
springs, (EMD-P-21). 

9. Tentative USAF R&D contacts of rhenium. Work 
has been done in this field on: Ag-Cd oxide, Ag-Cd 
alloys + Ni-Sn-Ma additives. Rhenium-Mo 
Ag-Au alloy Ag-Cd_ oxide, Pt plus 
oxides, vanadium pentoxide, PbO2, etc. Looks in- 
teresting. Also USAF contract with Battelle for 
contacts, filaments, etc. (ELM-96-P58), FY’S6, 
FY’S7, FY’S8.T 

10. Relay subjected to 163 
for moving 


position, 3 


develop- 


oxide 


and oxides, 


C for 250 hr (holder 
contacts-ceramic). Contract AF33(038) - 
8947 initiated November 1949 for sensitive d-c 80 
milliwatt coil, 3 amp 26 volt d-c contacts. Shock 
and vibration resistant 

ll. Relays under MIL-R-5757, 6106, 2033A and 
25018 temp. grades up to 200 C operation. 
However, no approvals exist under the spec. Limited 
gov't. test data and commercial tests indicate capa- 
bilities for 200 C relays to be made. Many manu- 
facturers advertise 200 C relays. Performance is 
marginal. 
12. Proposed 


provide 


AF Contract for FY’5S7, 
with DPDT switch, delay to 100 sec. 
13. No MIL specs presently exist for choppers. 
Most commercially available choppers will perform 
up to 85 C with the nominal contact 
rents. Choppers are advertised having very slight 
frequency changes at temperatures up to 125 C for 
1000 hr life. 

14. MIL-V-95 describes vibrator for use to 85 C 
with minimum life of 500 hr. 

15. 200 C operation minimum appears 
use of special magnet wires and 
16. MIL-F-15160 describes fuses suitable for use to 
100 C with derating above 40 C (dependent upon 
type). 

17. USAF Proj. No. 4157—OK’'d 
1956. Not yet activated January 23, 
1l ms, 5-500 cps at 15 g's, 200 C. 
18. Ceramic types are of open clip construction, 
should be satisfactory for at least 150 C and 
with a special clip spring material for greater 
than 400 C operation. Post type holders not 
available in materials suitable for over 85 C, but 
can be made of materials glass, etc.) 
for 200 C usage. 

19. Commercial units glass 
tion) permit use up to 315 C. Higher 
limited by the electrical switch used. By 
thermocouples, sensing element can be subjected to 
much higher temperatures 1000 C)  pro- 
vided the switch mechanism is at the tem- 
peratures 

20. MIL-M-6A, MIL-M-17275, MIL-M-3823, MIL-M- 
16034, MIL-M-10304 describe meters for operation 
to 65 C and storage to 85 C. Operation to 85 C 
gives reduced accuracy + 4 per cent change from 
initial accuracy 


at 65 C. 
21. Meters not utilizing temp. sensitive rectifiers, 
thermocouples, etc. should be satisfactory up to 
100-125 C since most manufacturers’ ovens cook 
the meters at about 125 C to burn out gases, etc. 
that might cause aging deterioration. No _ higher 
temp. work is now known. Accuracy will be 
affected. 
22. WADC, Proj. 4155 Task 41720, rugged, go-no-go, 
5-2000 cps at 15 @g vibration, shock 50 g for 
11 + 1 millisec, resists radiation and acoustical 
noise to 150 db. 
23. By use of Ceramicor glass, etc. and 
copper (or clad stainless steel) contact springs, 
approximately 427 C operation should be feasible. 
Better contact will allow greater than 500 C use. 
24. MIL-S-61 limits use to 85 C. 
25. Temp. limitation is principally mechanical, 
which can be met by proper choice of materials 
compatible with respect to coefficient of expansion. 
Some commercial items should be good for 150 C 
due to materials and processes used. Temperatures 
above 200 C should be possible through use of 
higher-stre-gth better-matched materials. 
26. One commercial unit measures outside air 
temp. up to Mach 8. University of Minnesota (Dr. 
F. Werner) working on free air temp. probe. 
27. MIL-R-16700, MIL-R-1105A and MIL-R-18281 
describe rectifiers for use to about 85 C 
28. DA36-039-ac-64492 satisfactorily completed; ex- 
tension now activated to improve deficiencies. 


non-rotating 


usual cur- 


possible by 


contacts 


AGEP 
1957. 


April 10, 
50G for 


(ceramic, 


insula- 
temp. is 
means of 


(using and mica 


(over 
lower 


beryllium 


+FY=fiscal 


year. 


29. AF33(600)17793 for study and NObsr 

56115 (completed) for 7 small junction area types: 

IN91, 92, 93, 151, 152, 153, 158 and XDR3101. 

30. NObsr-72653 working on GaAs. 

31. Materials studies (i.e., NObsr-63180, DA-36-039 

sc-64094, Nonrl573) Si, Ge, AlSb, PbTe, PbSe, 

CdSe and TiOz, ELM-117-P58 work on purification, 

crystal growth, also germanium FY'S58 (10 man- 

yr). ELM-120a-P58, Fx'58, (AFCRC) re: measure- 

standardization and characterization. 

32. Units are available per MIL-E-1/932 for 150 C 

operation. 

33. Derating is required 

bee operated at 300 C. 

34. DA36-039-sc-46638 and 66036 IPS _ contracts. 
3 


design. 


ment 


over 150 C. Units have 


35. AF33(600) -1776 
36. AF33(600) -30319, specific samples delivered (6 x 
5 + 5R4 equivalents). 
37. Signal Corps IPS contract for voltage reference 
diodes and diffusion rectifiers partially completed 
38. NObsr-72026 for Si and Se hi-temp. study and 
test of 9 manufacturers’ types. 
39. DA36-039-sc-66036, FY'SS, (IPS), 100 PIV, 1.5 
amp, type 1N413B. 
40. WADC contract for 
diodes. 
41. BuShips contract exists to investigate SiC. May 
be useful for high temperature. 
42. Not yet commercially available. Some units have 
been operated at 250 C for 800 hr. Derating factors 
not known. USAF supported work indicated eff 
ciency improves with increasing temperature. 
43. USAF tentative R&D plans call for 
(in combination). 
44. Described by MIL-R-18281 for operation to 85 
above 40 C is required. 
ned SC R&D for 400 C (MgTe) and 300 ¢ 
(TiOe) and USAF R&D for 300 C (TiOs) radiation 
resistant. AF33 (616)-3481 to develop hi-purity 
crystals and determine feasibility for hi-temp. recti 
and transistors. 
46. Commercially available dry batteries 
to about 70 C at which point the short 
charge rate is greater than at 20 C but 
is much less than at 20 C. Dry 
cribed by MIL-R-18. 
17. Wet cells must be limited to less than the elec 
trolyte boiling point which for 90 per cent HaSO. 
is 290 C. Ammonia vapor activated batteries (—65 
160 F) may be smaller, have fast activation, 
output for short durations a-d long shelf life 
in unactivated condition. DA36-039-sc-71232. 
48. MIL-M-17059, CC-M-641, MIL-M-17060, MIL-M 
1940, MIL-M-17556, MIL-M-17413, MIL-M-2511 and 
CC-M-636 motors for use between 50 and 
65 C max ambient for temp. rise dependent upon 
class of insulation used. 
49. By derating to limit temp. ambient operat 
ing temp. can be increased. AF33(038)9720 reputed 
to have developed 200 C 
50. JAN-S-28A describes 
Ceramic type should operate to 
6BY4 for 400 F use available. 
51 Ceramic sockets could be nsed 200 C with 
an increase in loss factors. Molded plastic sockets 
have made for 200 C operation. Mycalex 
ceramic Teflon tested at 200 C for 250 
hr. 
52. Glass sockets should 
tor for over 300 C 
by use of ceramic (or 
copper or stainless steel 
53. Prop. USASEL R&D, 
sockets for tubes and 
with vibration and shock environment. Also 

be adaptable for termination to printed wiring 

clamps and shields may also be developed 

. No specifications preparation 
Temp. limit based on use of phenolic body. 
55. Prop. WADC, Proj. 4155, Task 41829, to develo; 
hermetic sealing terminals, 50 g for 11 + 1 millisec 
5 to 3000 cps at 15 g, nuclear rate of 10'8 nv. 
56. AF33(600) 27674, initiated July 1954 (10,000 
General study to establish best 

environments and _ electrical 


miniature point-contact 


titanium 


C. Derating 
45. Pla 


hers 
are limited 
term dis 
shelf life 


batteries are des 


to + 


large 


describe 


rise, 


combination 
to 85 ¢ 
Type 


motor-blower 
sockets for use 
temp. shown. 


over 


been 
and sockets 
maintain adequate loss fa 
operation. Over 400 C 
equivalent) and 
contacts appears feasible. 
FY’S58, EMD-75, rugged 
transistors. Compatible 


operatior 
beryllium 


new 
severe 


exist, but are in 


meg 


types 


ana 


resistance). 
under varyi 
pressure ratin 
57. MIL-C-5015 describes operation to 85 C without 
derati~ g. 

58. Tested at 163 C for 250 hr 
165 C continuous. 

59. Class K requires a 5 min life at 2000 C (fire 
conditions). AN types MIL-C-5015 but 
using ceramic (and/or glass) should be good up to 
200 C and probably to 400 C or hicher. (See 60.) 
60. Igrition system connectors available with plati- 
num contacts. Socket inserts of 94 per cent AL2Os 
and metallized surface to decrease porosity. Metal 
lization is variation of Telefunken molybdenum 
process. Navy (BuShips) requirement exists for 
special 1000 F connectors to connect to 
engine. Also missile launcher connector for 
nee. 

61. Connectors for 500 F operating, good at 70,000 
ft with 500 volts rms, 400 cycles and 100 volts 
rms, 60 cycles operation. Moisture and rain resist 
ant. Developed for USAF (WADC) on AF33(600)- 
21539, initiated June 1952, requirements 3A, 500 
volts, 0-70.000, No. 20 contact. One marvufacturer 
claims 1000 F units (in limited range of sizes), 
ceramic insulation, housing stainless steel or Al 
contacts Ag alloy, spring Inconel X. Recommend 
crimping wire to pin. 


(silicone insert) to 


described bv 


missile 


750 F 


817-30, November 15, 1957. 
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High purity Al,O., MgU, and BeO ofter promise in this 
area. Materials should withstand the effects of high power 
arcs at high altitudes. (8) 

Semiconductor materials. The high temperatures require 
materials with relatively large energy gaps. Silicon carbide 
shows considerable promise for high temperature applica- 
tion. Other materials, such as the tellurides and selenides, 
have reasonable energy gaps but may be subject to dissocia- 
tion at these temperatures. The temperatures associated 
with operation of most modern aircraft rule out germanium 
devices and, in many cases, presently available silicon 
devices. 

Magnetic materials. One principal requirement is for a 
high Curie temperature material. Silicon carbide and cobalt 
iron have been found suitable for high-temperature use. The 
ferrites also show promise. The need for a combination of 
high resistivity at high temperatures and high Curie tem- 
perature will require special development. 

Resistive films. Films of oxides, carbon and metals have 
shown promise for high temperature applications. Improve- 
ments are generally needed in temperature coefficient of 
resistance and radiation resistance. 

Transformers. Particularly for Air Force requirements, 
500 C transformers are required, capable also of with- 
standing high flux radiation. 

Magnet wire. A key component; the need is for flexible 
inorganic insulation able to withstand both temperature 
and radiation environments. Conductor metals constitute a 
a parallel problem. Resistivities, for example, go up with 
temperature. 

Basic polymeric materials. Emphasis is on inorganic 
materials, or organo-inorganic families analogous to the 
silicones. Short-time stability has been reported at 1000 to 
2000 F. Another target is marginal improvement in existing 
materials, such as silicone resins with a 10 to 15 per cent 
increase in strength at 500 F (260 C), continuous exposure 
for 30 min. The excellent radiation resistance of silicone 
resins is an added advantage. 

High-temperature instrumentation. All conceivable ele- 
ments for instrumentation used at ultrahigh temperatures 
are needed: transducers, thermocouples, and 
parts such as probes and hermetic seals. 

Several across-the-board problems apply particularly to 
materials. The first is a growing concern with impurities. 
Closer manufacturing controls become more essential than 
ever if commercial production of materials for ultrahigh 
temperature and radiation-resistant ambients is to be at- 
tained. The second problem is the effect of processing on 
basic characteristics. Owing to increasingly complex con- 
figurations and increasingly exacting processing conditions, 
the risks of such changes have grown. The third across-the- 
board problem is the need for realistic tests. Materials 
evaluation should be based on actual performance charac- 
teristics of actual component structures in prime equipment 
plus storage conditions. Experimental samples serve their 
purpose but do not provide complete dependence. Instru- 
mentation should be carefully designed, since it too may be- 
come adversely affected by temperature or radiation am- 
bients, or both. 


associated 


Problem Areas—The Military Programs 


The Navy is pursuing a development program based on 
needs for specific applications and using these needs as a 
guide for concentrated effort in projected problem areas. 
The Air Force approach, in contrast, is broadside and 
designed to advance the entire state of the art. In pursuance 
of the Navy program, the Bureau of Ships has issued speci- 
fic requirements for seven categories of ultrahigh tempera- 
ture dielectric materials and a number of microwave and 
other electronic components for high-speed aircraft and 
guided missiles. Generally the requirements call for 500 hr 
life at 350 C ambient, but the target needs are given as at 
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least 3000 hr life at 500 C. The Bureau feels that upgrading 
of materials may necessarily be progressive rather than 
immediate, and is therefore also interested in dielectrics for 
use at temperatures in excess of 250 C. It is apparent that 
the 500-C demarcation for “ultrahigh temperature” require- 
ments cannot be maintained too rigidly. A transition zone has 
to be accepted pending the full accomplishment of research 
and development work. 

The seven categories for which needs have been detailed 
are: 

. potting compounds; 

2. embedding compounds; 

3. impregnating materials; 

4. capacitor dielectrics; 

. Magnet wire; 

6. r-f£ cable dielectrics; and 

7. power cable dielectrics. 

Detailed requirements are listed in the accompanying tab- 
ulation (Table II). 

These pinpointed requirements have been submitted to 
industry, but the Navy is also calling on its own research 
facilities. Although the empirical approach is tempting in 
view of the speed with which solutions are required, it is 
felt that the “practical synthesis of new materials will be 
encouraged only if basic knowledge of physical and chemical 
structure and molecular interaction is increased at the 
fundamental level of research.” The trial-and-error method 
for the development of new materials is considered outmoded 
as the statistical odds against acceptable solutions are in- 
creasing. 

The Insulation Section, Solid State Division, of the Naval 
Research Laboratory is currently conducting experimental 
and theoretical investigations into the effects, both construc- 
tive and destructive, of radiation (gamma, electron, and 
eventually cosmic) over a wide range of electrical insula- 
tions. The electric strength of air under irradiation and 
subjected to d-c, 60-cycle, and various pulse voltages is being 
evaluated as well as the electric strength of plastics films 
subjected to various types of radiation. In addition, the 
thermal life and the electric strength of irradiated magnet 
wire twists are being evaluated. This information is being 
utilized in the development of realistic Navy standards for 
electrical insulation to be subjected to radiation fields. The 
information being obtained is of such an extensive nature 
that, ultimately, it is hoped to be able to explain the mechan- 
isms of radiation damage. 


The Air Force Approach 


The Air Force, as already stated, is devoted to a broad 
attempt to improve the fundamental state of the art. It 
believes that “if significant advances in the design of 
electronic components are to be made they must be made 
through better understanding of materials, material com- 
positions, their properties, functions and characteristics.” 
(2) The development of equipment to withstand severe 
environments and, at the same time, meet the reliability 
requirements of the future must begin with the investiga- 
tion and development of new functional materials. This Air 
Force approach falls into three phases: (2) 

1. Materials investigation and development of synthetic 
materials. 

2. Exploitation of new materials’ properties and develop- 
ment of functional techniques utilizing the new materials. 

3. Utilization of the new materials and materials’ proper- 
ties to design superior equipments. 

Investigations must encompass such areas as: 

Materials knowledge. A fundamental knowledge of the 
structure of all known materials must be obtained in order 
to discover the techniques of constructing similar materials 
to the desired properties. 

Correlation of purity of materials with their properties. 
Purities refer to better than one part in 101°, Also, more 
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Table i!l—-Temperature Characterization of Electronic Component Parts 


(Ail Values in Degrees Centigrade) 


(Continued on page 120) 





Electronic part 


Hook-up wire 
Polyvinyl 
Polyviny! 

plasticized 
Kel-F 
Tefion 
Silicon rubber 


Connectors 

Magnet wire 
special 

Wire (& cable 
experimental 


Asbestes & 
glass 

Printed 

Metallic 


conductors 


Power cable 
Shipboard 
general 
Shipboard 

flame 

Shipboard 

Red. Dia 

Flex. (port 
equip 
Cord (short lay 
Cord (tinsel 
Cord (AF 
Other 


High tension 
cable 
General use 
High temp. 


Coaxial cable 
Polyethylene 
Polyethylene 

irradiated 
Polyethylene 

special 
Rubber 
Magnesium 

oxide 

Tefion 
Other 


Quartz 


Air (Teflon 
beads 


Resistors, fixed 
Composition 
Deposited 
carbon 
Boron carbon 
Pyrolytic 
carbon 


Resistors 
metal-film 
low & high 
power 
Nichrome and 
nickel 
Tin oxide 
Noble metal(s 
Chromium 


Metal oxide 
also see tin 
oxide above 

Other 


Other (printed 
Constant 
current 


Resistors, film 
power 

Resistors, film 
high frequency 


Resistors, W. W 
precision 
Wire (resist- 
ance 


Resistors, W.W 
power 

Resistors, W.W 
power (low 

Resistors. W.W 
power, chassis 
mounted 


Resistors 
variable 
General 


Wirewound 
W. W. power 


Resistors 
variable 
Composition 
Non-contact 


Thermistor 


Limits 
based 
upon 
Gov't. 
Lab. 
evalu- 
ation; 
no 
specifi- 


cations | 


Limits 
based 


mercial 
claims 





Prob- 
able 

limits 
based 
upon 
use of 
avail- 
able 

ma- 

terials 


Active. 
planned 
or com- 
pleted 
R&D 
con- 
tracts 





500 (106 
107, 108 


200 (114, 


115.116 
117 
500 (120 
121 


500 (122 
123,124 
300 (125 


500 (141) 
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NOTES: 
62. Temperature limitation is similar to that of 
AN type connectors. MIL-C-8384 (USAF) describes 
certain types for 85 C operation. Special high 
temp. types for 250 C operation are available. 
USAF (WADC) supported work indicates 400-500 
C operation can be attained. 
63. SCEL exhibit for EMD-2 required 200-250 C 
units. Based on DA36-039-sc-64470 development. 
64. Crimp type for field assembly Nos. 20 to 28 
shielded and unshielded hook-up wire. Contract 
AF33(600)24455 initiated April 1953. (See 65.) 
65. USAF Proj. OK'd by AGEP (EMD 53), Task 
41830—tradiation resistant. Involves study and tests 
(non-insulated style) intended to provide bases 
for future R&D. AF33(600)-24455 for 200 C units 
and hand 
66. MIL-( 
67. Based on use of ceramic insulation. 
68. Described by MIL-C-71 (N_ type), MIL-C-3607 
(pulse), MIL-C-3608 (BN¢ MIL-C-3643 (HN), 
MIL-C-3650 (LC), MIL-( (Twin) and MIL- 
C-18867 (QDS). Latest operate up to 
225 C, providing soft cable (or other 
pieces) is not inc Limiting factor is 
silicon rubber weather- proofing grommets and 
washers. See USAF Contract Proj. 4155, Task 
4163. FY’S7 started July 1956 and to end December 
1960 for new types of connectors for RG-87A, 
115, 117 and 140, and miniature sizes. Will include 
captive contacts and core, crimp assem., flex. joint 
design Types BNC and (¢ deficient. 
l future 500 C in process 


orporated. 


considered 
Present limit 200 C and 
of being contracted for 
69. AF pulse series, 50, 75, 
95 ohm coaxial ries, also subminiature 
(TRL-58-P58 describes Prop R&D for 
connectors to be resistant to nuclear environment.) 
FY’57 only West coast firm reputed 
» have developed high temp. type “‘N” for Andrew 
833A cable. (See 120.) 

70. Navy (BuShips) has requirements for 500 C 
miniature types (plug, receptacle and feed-through 
adapter). Must meet 500 C for 1 hr plus certain 


proposes miniature 
series 


study phase 


other environmental requirements. Specification 

has been prepared. R&D may be required. 

71. High-temperature solder recommended for 500 

F service 

72. WAD( R&D to 
inting of pone (AAT-P-32) 

73. Pb-Sn ar 


and 600-800 F 


study permanent 


solders 


250-300 
welding techniques being 


satisfactory 


investigated. I 
74. WADC 


and splices 


proposed R&D for hi-temp. terminals 
(EMD-53-P58) FY°’58, study only. 

75. Stainless steel available Also Ucinite 

all-metal and spring » being n 

76. Asbestos and Teflon cushioned clamps for hy- 

draulic lines, et are advertised for 500 F. 
Described by MIL-W-76 

Described by MIL-W-16878. 

le 


ly availa 


types 


Operation 105 
Described by MIL-W-12349. Can be usec 

135 ¢ 

80. Described by MIL-W-16878. Ceroc, 
lo Tefl ava ] 


t rdened 


Ceroc T, 
ble 2 able in magnet wire 
form for 250 C continuous rise. 
81. JAN-W-58 1 ¢ no specific temp. limit. 
82. Diameter p consisting of Inconel 
clad copper covered wit inder develop- 
ment for USAF. Flexible at 10 X diam at 500 C. 
resistance about 10 ohm-cm at 500 C. 
Preliminary tests sa for 500 hr. Also 
available: Inconel or Ag clad with glass coating 
mils. Other types (for approximately 
ckel “‘clad’’ capped with pigmented 
Teflon developed under Bu- 
NOber-54515. 
83. WADC contract AF33(616)-3867 (FY’59), sizes 
16 to 40 awg < 20 per cent change in resistance. 
Suitable for nucl ‘ 


ceramic s 


Insulation 


tisfactory 


coatings, 


ear ronments. Conductors and 
materials will be investigated and inductive devices 
tested. (CIT-115) FY’57, FY'58 

84. Ni-clad norganic insulation, stainless 
steel tube claimed to be suitable for 1200-1500 F use. 
85 coated copper wire and 


copper 


». Anodize aluminum 
available in limited 
satisfactory for 700 F 
ambients Ir c « ror (stone) cement was used as 
impregnant. Oxidized aluminum can be wound 5 
diam, dry breakdown voltage is 500 but 200-250 
recommended, coating approx. 0.0004 in. thick. 
36. AF proposed R&D for 65, —500 C radiation- 
resistant insulated wire, vibration 5-3000 ens for 500 
hr. Delayed due to lack of funds. TRL-73-P58 
anticipates FY’S59 to 67 
87. Glass coated wire (Cu, Ag, etc.) with 0.7 to 
17 mil thickness has been made in experimental 
lots. Possibility of application of ceramic glass for 
1200 C use exists but has not yet been demonstrated 
Samples available. 
88. MIL-C-25038. Typical construction Ni-clad cop- 
per, felted asbestos and glass braid. Will withstand 
1093 C for 5 min 
W. USAF projected work Proj. 4155, Task 41831, 
1957, 1958, 1959, start September 1956. 
90. AFCRC start FY’54 on printed wiring compon- 
ents and circuit for 200 C and above. Proj. 4156, 
Task 46210. AAT-78 C. FY'SS, °56, ‘57. Temperature 
range extended to 750 C in FY'’S8 aid includes in- 
vestigation of resistance to radiation. 


91. Commercially proposed R&D effort with respect 


aluminum wire is 


Repnted to be 
7 ] 


anodized 
quantities 


to clad molybdenum and .iobium and Ag-clad Ni-Cr 
alloy and gold over Ni-Cr and Ag coat 
looks good except has high resistance. 

92. Described by MIL-C-915, Type 2. 

93. Navy (BuShips) requirement exists for 1000 F 
type(s) for con ection to missile engine. 
94. Described by MIL-C-2194, Limiting 
sheath temp. Must be derated. 
95. Described by MIL-C-3432. 
sheath temp. Must be derated. 
96. MIL-C-3883 specification 
97. Cable made of 
bestos ou covering 
BuAer has contract (Spec 
750 F aircraft cable 

98. New 


Inconel 


temp 


Limiting temp. 


asbestos, Teflon tape, glass as 
Rated to 800 F for short time 
XEL815) to develop 
Teflon type with 
ass threads, asbestos serving(s) and Teflon-treated 
glass braid. Meets MIL-W-25038 (USAF) 
calls for 399 C (750 F) continuous operation, Type 
WW-400 per MIL-W-7139A good for 204 C (400 F) 
Tested for 24 hr at 427 C (800 F) OK. 
99. Described by MIL-C-3162, Grade A and 
100. Described y MIL-C-17 Limitir ‘ 


lerated approx 50 pe 


development consists of 


whict 


sheath temy t 
101. Low pressure production § techniq 
102. Described by MIL-C-1 niting t 
sheath temp. Must be derated approx 50 per cent. 
103. Described by MIL-C-17. 
104. Use of nick lad t 
allow use to 1000 F 
105. Describe t 

sth temp. M 


Limitir temr is 


should 


. -e 16 
at 1000 mc. Goo 
j. FY’S: x 
1 will test e in ‘ Tent ‘ 
Teflon semi-solid pressurized cable good for 250 C 
Contract now in sample purchase and test phase. 
February 1957 status indicates Butarez (liquid poly- 
butadiene) when heated in vacuum becomes trans 
parent } up to 316 C (approx.). Poly 
propylene looks r Polvparaxylene also 
useful perhaps to 400 C. Copper-clad steel cor- 
rugated outer conductor and ceramic spacers also of 
interest. 
107. USAF tentative R&D for 


Temperat not t 


resin goo 
] 


teresting 


is sealed 
with ceramic-t t sealed erm | 1 metal 
jacket being prepar for 1000 
bead mica tape vol o 
explored (April 16, 1957) See 106). 
108. Navy (BuShips) Prop. R&D for 500 F, 93-ohm 
cable, attenuation < 15 db at 450 mc, voltage > 
1 kv rms, v/p approx 70 per cent. Flexible preferred 
but not mandatory 7 ne 

109, ° perime cables may | 


Ceramic 


quartz wool t yn being 


capable of 
ope on p to approximately 1700 ¢ depending 
upon conductor materials used. 

110. Described by MIL-L-3890. 

111. Described | MIL-R-11 

rates from ll 

100 ¢ Chara 

t no load het € 7 13.0 ¢ 
112. Described | MII 10509B 

rates from full load no loa between 

150 C. A number f m facturers now make ich 
1 t. Temy ficient has been measured negative 
with temp. increase. SCEL contract SC-0157-PR- 
57-91(3413) is study in MIL-R-11 “‘sizes,"’ SC-03956- 
11383 is manufacturing facility for ‘metal’ film 
resistors with low " 
113. Described by 
R-10509 

114. DA-36-039-sc-64665, FY’SS, AGEP OK'd addi 
tional FY’S57. To be MIL-R-11A sizes and made on 
11A machinery with MIL-R-10509A stability. Te 
30 ppm/deg C metal film included under another 
phase. SCEL sponsorship has developed a line of 
2 per cent tolerance. Styles Rl, 2, 4, 29, 31, 33. 
35, 37, 39 evaporated (spiralled) types in 1 to 115 
watt ratings, resistance ranges 50 ohm to 1 meg 
(MIL-R-11804A applies.) Satisfactory after 2 hr @ 
225 C (tolerance + 5 per cent). After humidity 
Te approx 100 ppm above 0 C and approx 100 ppm. 
0 to —55 C. Also available enclosed in glass filled 
with helium as precision types for use to 250 C. Te 
< 50 ppm over temp. rarge, tolerance = 1 per cent. 
115. AF33 (616)3443 to investigate physics of thin 
chromium films (also bismuth). Resistivities of 154 
to 2660 microhm-cm obtained, film thicknesses of 
240 to 100 Angstroms, Tc range + 200 ppm/deg C. 
116. AF33(616)3453 to investigate thin nickel- 
chromium film types and nickel, titanium and 
carbon types. 

117. AF33(600)-32331 (previous work on AF33(038)- 
8744) FY’SS on Cr-N and Cr-Ti-N. Good to 150 C. 
change approx 2 per cent at 100 C for 1000 hr, 
per cent at 200 C and 35 per cent at 

Expect range to 2 meg. Other characteristics 
good. Painting and evaporating techniques under 
study (April 1956) FY’S6, FY’S7, (FY'S8 planned) 
on silicides of Cr and alloys. 

118. This is in the physical form of a MIL-R-93 
type (tab-terminal resistor) with a metal-oxide 
film as the element. 

119. Hollow alumina ceramic tube, internally de- 
posited resistive coating, titanium end caps. Samples 
made in values of 50 ohms to > 1 meg for use 
up to 800 C (up to 1600 hr). Te becomes 
negative as RK increases. In conventional carboa 
composition size, Tc = 400 ppm/deg C. Maximum 
voltage — 500. 250 k unit changes 26 per cent 
from 25 to 500 C. Power (10 w) resistors, high 


Chara 
} 


T< 
MIL-R-19074 (Ships) and MIL 
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data should be obtained on the influence of controlled im- 
purities on materials’ physical and electrical properties and 
how the latter vary as a function of the former. 

The discovery of new effects, new properties and new 
phenomena, their relationship and how influenced by ma- 
terial composition. This should lead to the discovery of new 
techniques to be used in the development of functional 
materials. Means of enhancing or depressing certain ma- 
terials’ properties or characteristics should be exploited. 

Materials synthesis. This refers to the technique of design- 
ing and compounding materials to meet specific require- 
ments, or to exhibit certain predetermined properties. It 
includes methods for growing or constructing new materials 
that will perform desired electronic functions. 

Materials purification. By the extension of the mass spec- 
trograph radiochemistry, sublimation, etc., it 
should be possible to obtain some materials purer than those 
available today. 

Materials purity measurements. Instrumentation should 
be developed to determine material purity on the smallest 
crystals possible to better than one part in 1072. 

The Air Force concentration on fundamental research 
should not obscure the fact that much practical work has 
been accomplished. An item-by-item examination of various 
research and development contracts in a later section of this 
review will cover this phase of the subject. 

Ultrahigh temperature conditions are not, as a rule, en- 
countered with Signal Corps equipment. The effect of pulse 
effects from nuclear radiation is currently being studied. 
Preliminary data have been published recently. (9) 


technique, 


Problem Areas— 
Commercial Availability and Limitations 


For several years the Bureau of Ships has been surveying 
the field of commercially available component parts and has 
rated them for temperature performance on the basis of 
various factors. The results of this survey, condensed and 
re-arranged for the purpose of this review, are given in 
Table III. Manufacturers’ names have been deleted. 


Study of Known Materials 


On the premise that development of components for 
specified operating conditions is a function of available 
materials. the Wright Air Development Center has also 
sponsored an Armour Research study (10) concerned with 
the feasibility of operating electronic components at 500 C 
that can be fabricated from known materials and with 
known technology. (Note that the emphasis is on the word 
“known.”) The study was confined to operation at 500 C, 
rather than over a range from values below room tempera- 
ture to 500 C, since the latter requirement imposes special 
problems. The results of this study can be summarized as 
follows: 

Dielectrics. The ceramics, micas, asbestos, and perhaps 
some types of glass offer the most hope for 500 C service. 
The dielectric properties of over 50 commercially available 
materials were evaluated, in addition to a large number of 
laboratory-prepared specimens. A reasonable number of 
these materials may be useful in relatively noncritical appli- 
cations: but no more than a handful have combinations of 
properties even remotely suggesting feasibility in more 
exacting applications, as in dielectrics for capacitors. 

Magnetic materials. Both hard and soft materials retain 
a reasonable part of their room-temperature magnetic prop- 
erties at 500 C. The silicon steels have been used in devel- 
opment work on 500 C components, and they appear to 
show promise. Cobalt steels may also be suitable, if the 
long radiation half-life of cobalt can be tolerated in equip- 
ment designed to be maintenance-free. Members of the 
Alnico group of permanent magnetic materials are little 
affected by exposure to 500 C. Again, the long half-life of 
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cobalt must be taken into account. The development of in- 
ductive components (such as pulse transformers) that possess 
particular properties hinges on the availability or develop- 
ment of special-purpose magnetic materials which retain or 
acquire relatively special properties at 500 C. 

Conductor materials. The same general materials used at 
present temperature levels will find use at the higher tem- 
perature. The low melting point of aluminum, high cost of 
silver, and oxidation of copper at temperatures below 500 C, 
and an approximate three-fold increase in resistivity of all 
conductor materials are some of the more important aspects 
of materials in this category. 

Resistor materials. Units approaching 500 C show promise 
of success. A large part of the total work has been con- 
cerned with the deposition of metallic resistive films on 
suitable substrates. Noble metal alloys and the formation 
of oxide films are some possibilities. Another is metal ad- 
ditions (in powder or fiber form) to certain ceramic com- 
positions or pure oxides, 

Semiconductor materials. The greater hope for operation 
of semiconductor materials at 500 C seems to rest with newer 
materials about which relatively little is presently known. 
Such materials will probably be operable over a somewhat 
restricted temperature range which includes 500 C. Of the 
present materials, titanium dioxide should be useful to 
approximately 350 C, although its theoretical limit is ap- 
preciably higher. Aluminum antimonide rectifiers have been 
built, capable of operation at junction temperatures up to 
300 C. Silicon carbide is under investigation for high tem- 
perature applications. Gallium arsenide and indium phos- 
phide are also being investigated for higher-temperature use 

Soldering materials and techniques. The same basic tech- 
niques for fastening current-carrying members will probably 
be employed at 500 C as are now utilized for lower operat- 
ing temperatures. Some of the more common specific methods. 
such as soft solder, are obviously ruled out. The compati- 
bility of the physical properties of the two or more members 
to be joined (for example, reaction of the joint with atmos 
pheric oxygen) will take on increased importance. 

Brazing. This method shows much promise for 500 C appli- 
cations. The silver-base brazing alloys have the most desir- 
able properties. Fusion weld or a carbon arc weld of silver 
wire to silver terminals have indicated satisfactory results 

Contact materials. The noble metals offer possibilities at 
500 C. Silver should also be suitable for many applications. 
due to the reduction of the oxide to pure silver at tempera- 
tures below 500 C. On the other hand, the effect of the 
higher temperature on properties of noble metals may in- 
crease a tendency to weld. No experimental evaluations of 
this class of materials appears to have been made. Consid- 
erable work is needed in suitable materials for sliding con- 
tact applications. 

Viscellaneous materials. Lubricants and bearings suitable 
for 500 C present serious problems, although development 
programs are underway. Spring materials lose a large per- 
centage of their desirable properties at the higher temper- 
alloys showing promise for elevated temperature 
use are quite limited. A number of structural materials 
in existence can be utilized. 

Operation at an ambient of 500 C implies a problem 
as temperature rises from a value near 
room temperature (or even lower) to the maximum value, 
a 2:1 or 3:1 change in electrical properties over this range 
must be anticipated for many classes of components. This 
problem may be solved by: 

1. Temperature-compensating devices to limit changes 
in overall properties (this introduces problems as to the 
feasibility of operation of such devices over the required 
range). 

2. Design of circuits relatively insensitive to the large 
changes (this imposes a severe limitation on the types of 
equipment which could be operated at the high limit). 


atures: 


noted previously: 
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Table ill—Temperature Characterization of Electronic Component Parts 
(All Values in Degrees Centigrade) (Conciuded on next page) 





VOTES: 147. Proposed WADC, R&D, 3000 hr life, vibration 
Limits Prob- 5 to 3000 cps, life 50,000 cycles, 50 ohm to 5 meg, 
— — 100-25 k ohm, linearity 5 per cent or better at 
upon limits frequency resistors, variable resistors and parts 500 ¢ ; 

Gov t. based | Active under development for 500 C use. er eee oe 4F33(600)31936 FY’SS, now 
Lab. | Limits| upon | planned 120. British tests on such (tin/antimony and chlo- tes > j 955 100,000 
evalu- based use of | or com- ids) “Bile : B 00 FY’S7, OK’d AGEP October 31, 1955. 1,000,0¢ 
ation; avail- pleted —_ a epee oeee me at ve 200 hr les required. 

no able R&D at approximately 400 C produ per cent ). Described by MIL-C-25. Will operate to 125 C. 
specifi- ma- con- change in resistance. ton 300 te 18S C. 
Electronic part cations terials tracts 121. AF33(616)3043, for %%4, watt resistors akan bees cae ee ee a ee 
for 500 C. Oxide films, v vat 1 ] : 





Precision poten- 5 ' : 3 

tiometers (90 to 2 meg range) being ‘ ated. Con . ar types meet requirements of MIL-C-91, 
Mutti-turn | laims (December . mae produce ‘ ndicat capability of lUO C operation when 
' ples witl : d 





. ited 30 per cent 
Described by MIL-C-18312 (Navy). Will operate 

to 105 C. 

153. Manufacturers claim characteristics exceeding 

MIL-C-19312 (Navy) 


WwW. w. | s wi har Pp it cha 
Single-turn, 5 2 lot lots > je. Claim 1000 1} 
w.w t p t ) 





Single & 
multi turn 
Single turn and operation to temp. shown 
. utilizes evaporated noble metal s derated 25 per « ita 
(RES-18a-P58). Success in the ‘ 1 


s ulir 


ent. Units are aimed to be 
ng no eratin to Zo ¢ 
les described 


m eli- and equiring r ng 
Rectilinear | “le ranges has been noted igh grade alumina 154. Described by MIL-C-5A. Button sty 


sed quartz substitutes | be June 5, 1957). by MIL-¢ 
Resistors, single 23. WADC AGEP OK'd Proj. No o tobe 5S. Stacked phlogopite 
— aoe phy 155 500 ¢ nits m to 3 ‘ Operates to 600 C ? volts d-c for 
oo er cent. AF33(616) -3633 i slu } “eee ; mf (0.0001 
Carbon film I I alu l a I 


Metal film | | 7, 38, | 3( 616) 3643 port cla to 0. t 25( ts d-c), exhibit positive 


mica a tainless steel case 
} 


temy cor er I 
Conductive 5 » approximately 20( ¢ r € eflicient of 156 : P ne ignition equip 
plastic l P + 


sulation 
Sine-cosine 





, ; approved 
Sine-cosine FY'S6—AGEP OK'd 
non-wire- For transistors I 
weund | ves t ms I i Crs Now act 
| | ¢ 7. er 1 of 33(600) -32331 (FY’57 
Capacitors, fixed! ) to t ate ror ! and 
Paper. H. S | 125 
Paper, molded | 10 





Metallized — : me 

paper ‘ , ; mn : : 

Pica 1 atic production. FY’58. See AF19(604) 943. 
? | W ADC R&D FY’S8, to x 


Describe 
Ceramic 8 “eset eta . f > : . i igsae™ a ; 
temp. comp. | . ee t g v € . od pow 
Ceramic trans- 5 | 8. WAD( ered. Betwe 

mitting | aes sam f 

Ceramic Hi K ‘ 

Metailic oxide 

Germanium | | } 300 (1 2 ed t 83. Derates from 

oxide | | load ] I 1 ) 1110 C. Maxin 

Glass 1125 (162 

Electrolytic, Al | 105 (163) | a MITT R nY 

Electrolytic 1105 | ri | : . : . rates from full load 164. roy 1 WAD«¢ 
tantalum | [= 2 een | r wy 4 Maximun r lectroly 
Polystyrene | : r re ) vibr n ar I l r 

Polyethylene | | 55 | 13 174 proy R&D WADC, to operat 165 t r 1 is & , ll rT 
Cellulose 25 P : 

— ‘ 7 , a A sgian vee me - i sf : ’ " _ fabricated and silicon filled units 
Teflon | PP i , osio ‘ " »n-mag i operate to 125 ¢ 

Plastic | 5 , psi, n we r _in 67. Conservation operating t 

Vitreous 2 | ract i 4 oF 

enamel y de e between 25 ar 75 and cl ct 16s 
Vacuum | r a 
Silicon mon- | a mm re nee n2w et 
oxide (also 


r 


e seal 


CAP-25-P58, 


high 


Described by MIL-C-11272 


stvl mited te indicate operatio 
310 33 escril by hips). Derates nd € is possible Volt 
Solid elec- | #3 . oe ow fe ae e at 200 C has been s 
trolyte | | 3 oposed R&D, FY’58, 100 to 25 k eld use has been 

| lear environment resistance. NACA, Ames 7 r hysical constr 

Capacitors, | ab. >. Rayfield) is evaluat I pe r nd 
variable | , 1 metal films ¢ » d conduct 

“gel | . Described by JAN-R-19. Derated from full load ould be a limiting factor a 
oo, d(17 to no load between 40 and 100 C. Max resistance is 72 oposed WAD( 
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3. Development of materials which exhibit smaller degrees 
of change (this is limited by the properties of materials). 

4. Heating of the entire equipment to 500 C before it is 
operated (while this may be unacceptable from other points 
of view, it seems the most likely as far as the electronic 
equipment itself is concerned). 

Since some deterioration occurs for all materials at high 
temperature, it is expected that components suitable for 
500 C will give inferior performance; or, for equal perform- 
ance, the components will require either a larger volume, 
heavier weight, more secondary equipment, or, practically. 
a combination of these design approaches. 

In regard to the effect of nuclear radiation, the same 
study (10) summarizes the results of various test programs: 

Vagnetic materials. Effects of nuclear radiation on soft 
magnetic cores have been reported by the Naval Ordnance 
Laboratory. A number of exposed to an 
integrated flux of 3 10'8 neutrons/cm* for 17 days. 2V Per- 
mendur and 3.5 per cent 


cores were 


silicon-iron showed the least 
irradiation, and 
experienced almost complete recovery after removal from 


changes in magnetic properties during 


exposure. All materials tested showed that maximum flux 
density is the property least sensitive to neutron irradia- 
tion. Despite its rather high coercive force, 2V Permendut 
shows promise as a stable material for magnetic ampli- 
fiers; it has been used satisfactorily in saturable reactor 
circuits at 500 C. (This assumes that the long half-life of 
the cobalt in the alloy would not be a matter of concern.) 

Dielectric 


varying degrees of radiation show little change, except for 


materials. Inorganic dielectrics subjected to 


some varieties of hard glasses. Tests on components have 
shown little change in mica and ceramics at dosage levels up 
to 10!§ neutrons/cm?. Soft glasses such as those used 
in the least expensive vacuum tubes suffered little damage, 
but the more expensive hard-glass variety discolored and 
cracked, destroying glass-to-metal seals. Pure fused silica 
will withstand gamma radiation of 101° roentgens with the 
only effect a change in the color. Some sources report a 
change to a slight bluish tint. Others state that the change 
dark blue to black 


unless the specimen is heated concurrently. 


at 10° roentgens is more decided 


Resistors, in general, are little affected by 
nuclear radiation, with the exception of a slight increase in 


Resistors. 


however. 
varies somewhat with different manufacturers. A distinction 
should be made between relative radiation tolerance of 


noise level. The degree of resistance change, 


wirewound types vs radiation sensitivity of composition types. 
Capacitors. Ceramic and mica capacitors also withstand 
exposure to radiation quite well, but evaluation tests have 


shown high humidity and temperature to be especially de- 
structive to mica and glass dielectric capacitors. In gen- 
eral, mica, ceramics and some glasses should be useful in 
designing components for exposure to both ultrahigh tem- 
perature and nuclear radiation. 


State of the Art— 
Ultrahigh Temperature Basic Materials 


Plastics Laminates 

One of the most interesting developments in the high- 
temperature field has been the emergence of phenolic-for- 
maldehyde laminates (reinforced with glass fibers, silica 
fibers, nylon-fiber or asbestos) as materials able to with- 
stand extreme temperatures up to 400 F and higher. Gen- 
erally, such reinforced organic plastics have shown them- 
selves competitive with refractory metals and ceramics in 
certain applications. 

The resin-chemistry explanation for this extreme high- 
temperature performance of phenolics is this (1/1, 12): 
phenol-formaldehyde condensation products 
higher temperatures than other organic 


decompose 
more slowly at 
polymers. The condensation products are generally simple 
cases and a refractory carbon residue. This residue serves 
to protect the underlying material to a certain extent from 
the environmental heat. The residue may also provide a 
hot reaction zone in which primary gaseous products are 
brought closer to thermal equilibrium. 

In actual service such polymers are of course reinforced 
with various fibers, as already noted. Specifically, fiber re- 
inforcement is a powerful aid in the prevention of cata- 
strophic failure under extreme high temperature exposure. 
Several explanations have been advanced for this con- 
tribution to elevated temperature performance: the fibers 
may reduce the gross volume change that occurs on heat- 
ing the reinforced material; there may be a specific in- 
crease in structural strength; there may be other changes 
in the thermal degradation process. 

It should not be concluded that the phenolics are the 
only class of resins capable of ultrahigh temperature per- 
formance under the conditions described. Possibly the 
silicones and the melamines among the other materials 
could be used. The SiOz residue from the silicones would 
seem to serve the same function as the carbon residue in 
the phenolics. However, the results of experiments to date, 
as well as the facts of basic resin chemistry, seem to es- 
tablish the advantage for the phenolics. 

There are controversial opinions on the optimum rein- 


Table tll-Temperature Characterization of Electronic Component Parts 
(All Values in Degrees Centigrade) 
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Microwave parts 
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coaxial 
Directional | 500 
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waveguide 


se 200) temp.). 
190. Tentative USAF 
Delay lines 


Transducers 
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development 
antenna-matching transformers indicates that satis- 
200 C (coil temp.) is 
feasible. Curie point of the core material (low loss 
ferrite) is the limiting 


tion of new core materials and insulants for 455 
ke, 15 or 30 me and 
wire made. Q of 150 at 
500 C and 120 at 700 C for Ag and 120 at 500 C 
tebrae | for Al. AF33(600) 32660 ane : : 
| AF33(616)3609 for piezo-electric materials for de- 199. Teflon insulators considered. 
150 (199) lay lines and i-f filter 
189. Materials available 


for 250 me _ inductors. 


transformers to 250 C. 
for fabrication of an 
tenna-matching transformers for certain specific d 


R&D, also to be radiation 
resistant. Amplifier for —65 to 250 C active. Study 
of cores to 350 C involved. 

Quartz 200 191. Proposed AF R&D, 
tio resistant, CIT-119, 


Ceramic supports must 


193. MIL-W-85C defines Cu alloy and Al alloy. 
WADC proposed R&D for 250 C units for 80,000 
it. Also flexible. (See 194.) 

194. MIL-W-287A defines no temp. limit. Limit based 
on solder joi.t, convolutions and types of molded 
rubber jacket. 

195. Silicone rubber could provide such perform- 


work on _ high-powered 


factor. ance 


would involve utiliza- 196. MIL-D-3954 defines no temp. limit. Limit de- 
termined by size and dissipative material. 


to 300 mec. Forsterite 


197. New dissipative material should allow use 
to 500 C. 
198. MIL-S-3928 Spec. 


200. Navy (BuShips) requirement exists. Problem 
involves gaskets to insure pressurized system. 
Silastic type(s) effective to approximately 500 F. 


applications for temperatures as specified (coil types are commercially available, reputed 


» effective i- excess of 1000 F. 

AF33(616)-3410(a) FY'S6 up to 250 C and 

500 C. Cores to be investigated. 250 C unit 
achieved using silicon rectifiers. Ni-plated copper 


saturable reactors, radia- wire and Teflon used in windings. For 500 C using 
FY'S8. Ag wire and glass insulation. Also NOL-re-9B-205- 
192. MIL-L-3800 defines hard-drawn, seamless tubes. 
be specified as many manu- 
facturers now use Teflon supports (beads) between 3377. To replace electronic tubes and _ rotary 
inner and outer conductor. 


1-53 and 54 for 1 voltage and frequency regulator. 
Nonr-839(05) involves basic studies. AF33(616)- 


amplifier devices, eventual temp. to 250 C. 
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Fig. 3—Comparison of high-temperature performance of com- 
posite asbestos-phenolic, nylon-phenolic laminate, glass-mela- 
mine and glass-phenolic. Source: Taylor Fibre Company. 


forcement. The inorganic glass fibers are not necessarily 
better than certain organic fibers. The latter have much 
lower thermal conductivity which could lead to thermal 
equilibrium with the environmental gases, and also in- 
crease re-radiation to the gases. Although ultrahigh tempera- 
ture asbestos-phenolic materials have turned in excellent 
performances, the moisture content of asbestos may be a 
source of trouble and cause spalling as temperature reaches 
the extreme high levels. 

Several plastics laminate manufacturers (13) are pro- 
ducing materials intended for short-time application in 
missiles and rockets (say, at 4500 to 6000 F) for periods 
as brief as a fraction of a second. The technical data pub- 
lished by these sources, however, deal usually with relatively 
conventional environments. Temperature resistance has 
been evaluated usually at no more than 500 F (260 C). The 
actual evaluation of such materials for so-called “ablation” 
service is being done by the aircraft and missile companies, 
the producers of rocket engine fuels, the missile and ord- 
nance divisions of the electronic and electrical equipment 
manufacturers and, of course, the military services, utilizing 
such techniques as the solar furnace and the water-stabil- 
ized arc. For example, the latter device can provide tempera- 
tures near 26,000 F and a heat flux of the order 2000 Btu/sq 
ft/sec. Materials can be ranked on the basis of such factors 
as rate of weight loss and heat-absorbing capacity. Less 
sophisticated tests employ the oxygen-city gas torch and 
the oxygen-acetylene torch. 

A currently announced composite laminate (by Taylor 
Fibre Company) consisting of alternate laminations of as- 
bestos-phenolic and nylon-phenolic appears to show inter- 
esting possibilities for use in missile nose cones under re- 
entry conditions. Figure 3 shows thermal insulation char- 
acteristics in comparison with other types of laminates 
under application of 2000 F. 

Glass fabrics impregnated with silicone-modified phenolic 
resins are in process of development by the Coast Manu- 
facturing and Supply Company and appear to maintain ex- 
cellent physical characteristics at temperatures up to 1000 
F under short-time exposures. 

Work is being done on modifications of polyester resins 
to achieve higher temperature materials able to perform 
satisfactorily up to about 700 F (400 C). A new line of 
General Electric polyester resins includes modifications with 
triallyl cyanurate monomer that show 40,000 to 50,000 
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psi flexural strength at 500 F. Current tests indicate that 
upwards of 25,000 psi can be achieved at 700 F after 30 
min exposure. 

For service under extremely high temperatures and cor- 
rosive action due to flames, modifications with styrene, 
dially] phthalate, diallyl isophthalate and triallyl cyanurate 
have shown good test results (comparable to phenolic 
laminates) at 4000 to 5000 F. 

Another triallyl cyanurate-modified polyester resin for 
high-temperature use is announced by Naugatuck Chemical 
Division, United States Rubber Company. Laminates made 
from this resin (Vibrin 136A) show flexural strength of 
35,000 to 45,000 psi after exposure to 500 F for 500 hr. On 
a short-time basis, the material is said to withstand peak 
temperatures up to 1000 F. Microwave characteristics are de- 
scribed as much superior to those of conventional poly- 
esters. Limited use is already reported in jet plane radomes 

The inclusion of ablation materials for missile nose cones 
in a review of “electronic” materials may be challenged; 
but, essentially, a missile or similar vehicle is so largely an 
electronic structure that any critical element in it becomes 
cogent to this discussion. 

Rapid heating of materials encountered in missiles also 
has an effect on the electrical, as well as physical, proper- 
ties of laminates. A detailed report (14) covering existing 
studies on the dielectric constant and loss tangent of glass- 
reinforced phenolics, silicones. heat-resistant 
and epoxy laminates at temperatures from ambient to 1000 
F and over frequencies from 102 to 101° cps will appear 
in this magazine in an early issue. Among the conclusions 
is the fact that at high frequencies the effect of short-time 
exposures to high temperatures produces only small changes 
in the dielectric constant, but somewhat greater changes in 
the loss tangent. At low frequencies (10° to 10° cps) 
drastic changes are produced by the high temperatures 


polyesters 


Compounds, Fillers and Fibers 


A strong trend toward organic resin compounds with in- 
organic fillers or reinforcements and ceramics is noted in 
the ultrahigh temperature field. Few, if any, of the basic 
resins show a temperature resistance higher than an order 
of 250 C. With some modifications temperature resistance 
may go up to about 350-375 C, but for the higher tempera 
ture service needs of missiles or supersonic aircraft, suit- 
able loading or reinforcement with inorganics is essential 

A study of TFE-fluorocarbon resin (Teflon) with various 
concentrations of quartz, mica, glass, and asbestos (10, 20. 
30 and 40 per cent of weight) has led to the conclusion 
that a 20-per cent glass-filled Teflon provides an optimum 
combination of resin and filler. (15) 

Measurements were made on the specific heat, thermal] 
conductivity, density, heat of distortion, linear expansion 
and dielectric constant. Results showed that the heat of 
distortion of the 20 per cent glass-filled Teflon was raised 
by 41 per cent in comparison with unfilled Teflon. Linear 
expansion was reduced by 50 per cent. The electrical prop- 
erties of the unfilled Teflon were maintained. To simulate 
the thermal effects of missile re-entry, the filled samples 
were exposed at 2730 F for a period of 30 sec. 

The dielectric properties of solids at microwave frequen 
cies and at temperatures up to 3000 F were discussed in 
an earlier article in this magazine. (16) Dielectric constant 
and loss tangent of solid dielectrics at 3000 mc were measured 
with apparatus able to yield nearly uniform accuracy from 
room temperature to 3000 F. Measurements on high-alumina 
materials showed practical temperature limits of operation as 
dielectrics at the frequency employed. Results on thermo- 
setting laminates indicated temperature limits above which 
irreversible changes in dielectric properties occur. 

In a field moving so rapidly, it is obviously impossible to 
mention every available material, but some current trends or 
possible new areas of development can be summarized here: 
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1. Although actual performance data are not available, 
it is understood that DAP (diallyl phthalate) resins with a 
normal heat distortion temperature of 155 C at 264 psi have 
been used in satellite and missile applications for service 
that involves short-term exposure to 500 C and higher. The 
recent development of a diallyl isophthalate resin by FMC 
Organic Chemicals with a temperature performance some 
100 C higher than DAP resins may have significance. 

2. Ceramic-fiber filled TFE-fluorocarbon materials (Rogers 
Corporation Duroid 5600 Series) find application as wave- 
guide dielectrics in IRBM and ICBM missile systems. Al- 
though specific data are classified, it is understood a 75 
per cent fluorocarbon, 25 per cent ceramic-fiber material has 
performed consistently well at temperatures of 5000 F and 
higher. The Duroid materials are made from individual 
fibers, each coated with the resin. Now in research stage is 
a microglass-fiber reinforced TFE-fluorocarbon (Duroid 
5800 series) intended to increase electrical and physical 
properties. 

3. Porous sponge Teflon developed by the Liquid Nitrogen 
Processing Corporation for chemical filtering also fills a 
function as a thermal insulation in missile and supersonic 
aircraft communications and telemetering systems. Owing to 
its porous structure, air as well as liquid or gaseous coolants 
can be passed through it. Dielectric properties typical of 
Teflon (such as extremely low dielectric loss) lead to micro- 
wave applications as fillers in flexible waveguides. 

4. Pyroceram fine-grained crystalline nonporous glass- 
ceramics introduced by Corning Glass Company last year 
have been investigated for high temperature service. In 
particular, Pyroceram Code 9606, developed to exhibit uni- 
form dielectric properties at microwave frequencies and 
elevated temperatures for radome use, has been used in ex- 
perimental antenna housings for supersonic aircraft and as 
radomes for missiles. It would be presumed that flight tem- 
peratures have exceeded 500 C by a good margin. 

5. Ceramic encapsulants for 2000 F service. such as 
Emerson and Cuming’s Eccoceram SM-25, combine the 
typical good physical and electrical properties of ceramics. 
Such materials are usable from —70 to +2000 F. Typical 
also of ceramics, these materials offer high resistance 
to nuclear radiation effects. They can be applied in the same 
manner as most conventional encapsulants. 

6. Ceramic spheres, either solid or hollow, and bonded 
with phenolic resins or inorganic binders, provide low- 
density materials for a variety of applications including 
lightweight potting and embedment. A family of such low- 
density moldable compounds (Denslite I), made by Hastings 
Plastics, Inc., is reported to have given satisfactory service 
for 30 to 60 sec at temperatures exceeding 4000 F. 

Hollow glass spheres 30 to 300 microns in diameter (Ec- 
cospheres made by Emerson and Cuming) can be bonded by 
organic resins or inorganic materials to produce rigid foams 
for thermal insulation or as dielectric materials for elevated 
temperature service. They may also be used as high-tempera- 
ture fillers for plastics compounds. Softening temperature of 
the spheres is in excess of 1200 F. 

7. Glass-bonded mica is a well-known class of high-tem- 
perature material capable of continuous service at tempera- 
tures up to approximately 350 C (provided no excessive 
load is present). The availability of synthetic mica has now 
made it possible to produce materials for higher temperature 
service. 

Mycalex Corporation of America has introduced glass- 
bonded synthetic mica (Supramica) materials as an ex- 
tension of its regular Mycalex glass-bonded mica line with 
substantially higher temperature resistance. Supramica 560 
is rated for continuous operation under load at 500 C, and 
on a short-time basis at 600 C. Applications have been in- 
vestigated for molded supersonic radomes. High resistance to 
nuclear radiation has made this material also attractive for 
such uses as printed circuit bases and as insulating parts in 
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connectors in electronic circuits exposed to radiation en 
vironments. (17) 

The General Electric Company Chemical and Metallurgi- 
cal Division has also added to its line of G-E Mycalex 
materials a high-temperature synthetic mica grade (G-E 
Mycalex 2100) rated for continuous service at 1000 F (538 
C). Specifically designed for application where radiation re- 
sistance is required, another General Electric Mycalex is 
molded with synthetic mica and a boron-free glass binder. 
Continuous operating temperature rating is somewhat lower 
— 800 F (427 C). 

8. Ceramic foam materials have been made on a labora- 
tory scale at Melpar Incorporated. (1/8) Samples have been 
utilized in microwave devices for service at elevated tem- 
peratures. A wollastonite (calcium silicate) foam in densities 
of 30 to 100 lb/cu ft has a softening temperature of 1900 F 
for a 40 lb/cu ft density. An alumina foam, densities 20 to 
80 lb/cu ft, has a softening temperature of 2500 F for a 
40 lb/cu ft material. 

9. Ceramic materials for 500 C and nuclear-radiation en- 
vironment transformers have been developed by General 
Electric Company, Fort Wayne, Indiana, under an Air Force 
contract. They include coatings (similar to compositions 
used to protect jet engine parts) ; cements to bond insulating 
surfaces to metal parts; ceramic-base sheet insulation; re- 
fractory-type fillers and castables for hermetic constructions; 
and encapsulating compounds for protecting entire units. 

A typical ceramic coating composition contains a frit 
comprising 59.1 per cent silica, 12.8 per cent barium oxide, 
12.6 per cent calcium oxide, 3.2 per cent zinc oxide, 4.7 
per cent titanium oxide, 1.6 per cent phosphorus pentoxide. 
3.3 per cent alumina, 1.7 per cent sodium oxide, and 2.2 
per cent fluorine. The frit contains no boron or other 
elements with high neutron absorption coefficients. Conse- 
quently, the final coating has a very low degree of nuclear 
radiation absorption. 

A typical castable refractory composition used in this 
program contains 2.5 parts by weight of magnesium oxide, 
1 part of silica and 1 part of aluminum phosphate. 

As a recapitulation of commercially available materials 
for high-temperature applications, an Air Force list (19) is 
reproduced as Table IV. This may be studied in connection 


Table 1V—Commercially Available 
High-Temperature Materials* 





| Evaluation 
temperature 


950 F (510 C 


Material 


Application 


1. Alumina micro- 
spheres 

2. Reconstituted 
phlogopite mica 

3. (a) Glass braid 
(b) Ceramic 

4. (a) Magnesia | 
(b) Boron nitride | Capacitor dielectric 
(c) Alumina | 


Encapsulation 


interlayer insulation 


950 F 


Magnet wire insulation | 950 F 





| 950 F 


Radomes 


(a) Pyroceram 1300 F (704 C 
glass ceramic | 
(b) Alumina 


6. (a) Forsterite 
(b) Alumina 


| Metal-ceramic 
| electron tube structures | 750 F (399 C) 
7. Tin dioxide plus 
antimony oxide 


950 F 


Resistor film 





* Source: Air Research and Development Command (19). Commercially evai) 
able electrical materials adapted through Air Force-supported contractor 
programs on components to withstand high temperature environments. Some 
form of electrical evaluation of the material has been carried out at the 
temperature noted in the last column. 


123 





with Table V, which lists some Air Force minimum elec- 
trical requirements at 950 F (510 C) and average 1000 hr 
life for insulating and dielectric materials. As already men- 
tioned, the electrical properties per se take a secondary place 
to thermal stability. 


Insulation Systems 

Electronic power transformers for service under 500 C 
ambients and nuclear radiation are a major Air 
Force objective. As already noted, the insulation system re- 
quirements were investigated by General Electric Company, 
Fort Wayne, Indiana, under an Air Force contract. The re- 
port (20) concluded that certain commercial insulating ma- 
terials are acceptable for potential use under the stated con- 
ditions. Silicone-bonded integrated phlogopite mica and alu- 


intense 


minum phosphate-bonded recombined muscovite mica were 
recommended for further study as sheet insulation and spool 
insulation, respectively. 


Table V—Electrical Requirements for Air Force 
Insulation and Dielectric Materials® 





950 F (510 C) 1000 hr life 

Volume 
resistivity, 
ohm-cm 


Electric 
strenath, 
v ‘mil-thickness 


Dielectric 
constant 


Materials 
classification 
50-100 mil 10° transformer 
10°° resistor 

10'° capacitor 


Encapsulation under 10 


Inductor under 10’ 100-1 mil 10° interlayer 


Capacitor above 10 500-0.5 mil 10 


Wire Cable under 10 400-10 mil 10° 


r and Development Command ( 
e transformer materials 


Table Vi—Limitations 


Magnetic Materials 


The greatest influence of temperature on magnetic ma- 
terials occurs just below the Curie point. Magnetic ma- 
terials with satisfactory high Curie temperatures have been 
examined for other properties at 500 C operation. Effects 
of temperature have been studied on oxidation, resistivity, 
inter-lamination resistance and aging, as well as on the 
magnetic properties. Aging is shown in a gradual change in 
permeability 
is caused by the precipitation of carbon, nitrogen or other 
impurity. It 
terials. 

A similar tabulation (Table VI) covers the hard magnetic 
materials. It will be noted that almost all of the latter have 
Curie temperatures high enough to allow use at 500 C. Only 


and coercive force with time. Usually aging 


is a greater problem in hard magnetic ma- 


the Alnico group, however, has shown itself apparently un- 
affected 
presence of cobalt in Alnico, as in some other magnetic ma- 


by continued exposure to this temperature. The 
terials, may be objectionable owing to activation character- 
istics under nuclear radiation. 

Results of various investigations of the Alnicos have been 
reported. (J0, 21) Alnico V has been investigated above 700 
C. Remanence has been determined between 250 and 650 C. 
falling off at the latter 
hundred hours of continuous operation at 


However. several 


500 C 


sharply point. 
has re- 
Alnico \ 
indicate usability to 
It should be 
possible to compensate for this loss by suitable design means 

Another report indicates that exposure of Alnico V and 
Alnico III to 570 C for 1000 hr has caused only a slight re- 
Peak and 


coercive force were reduced to 10 and 20 per cent of original 


sulted in only 15 per cent loss. Measurements on 
and Alnico VI made to above 800 C 


700 C with a 20 per cent loss of total energy. 
I 


duction in residual induction. energy product 
values. Measurements were made at room temperature after 
exposure. 

Specific problems in designing the iron core of electronic 
power transformers for Air Force use has been investigated 


by General Electric Company, Fort Wayne, Indiana. (22) 


of Operation of Hard Magnetic Materials at 500 C* 





Temperature, deg C 


Comment on operation at 500 C ambient 


Material 


permanently 
affected at 


Material 


Composition in addition to Fe 


24Co, 14Ni, 8Al, 3Cu, 5Ti 
5Co, 28Ni, 12Al 

24Co, 14Ni, 8Al, 3Cu 
24Co, 14Ni, 8Al, 3Cu 
24Co, 14Ni, 8Al, 3Cu 
24Co, 15Ni, 8Al, 3Cu, 1.25Ti 
24Co, 18Ni, 8Al, 3Cu, 5Ti 
5Co, 20Ni, 12Al 

12.5Co, 17Ni, 10Al, 6Cu 
12.5Co, 17Ni, 10Al, 6Cu 
12Co, 17Mo 

25Ni, 12Al 

12Co, 17Mo 

52Co, 14V 

19Co, 18Ni, 9Al, 4Cu, 4Ti 
0.9C, 1Mn 

0.7C, 0.3Mn, 5W 

35Co, 18Ni, 6Al, 8Ti 
0.9C, 0.3Mn, 3.5Cr 

1.0C, 3Co, 4Cr, 0.4Mo 
0.8C, 17Co, 25Cr, 8W 
0.7C, 36Co, 4Cr, 5W 
BaFe,,.0, 

20Ni, 60Cu 

29Co, 21Ni, 50Cu 


Super Alnico 
Alnico IV 
Alnico V 
Alnico V (DG) 
Alnico V-S 
Alnico VI 
Alnico VII 
Alnico | 
Alnico I 
Alnico 11-S 
Remalloy 
Alnico III 
indalloy 


Carbon steel 
Tungsten steel 
Alnico XII 
Chrome steel 

3 per cent Cobalt steel 

17 per cent Cobalt steel 
36 per cent Cobalt steel 
Magnadur 

Cunife 1 


Cunico 


535 
590 
535 
535 
535 
535 
535 
535 
535 
535 


BH... = peak product energy 
Curie = coercive force 
880 
880 
880 © 
880 
880 
880 
870 
870 
800 
800 
900 
725 


High BH... subject to special heat treat 
Retains 80 per cent magnetization 


BH,.,,., and H,. decrease 10-20 per cent 


Retains 80 per cent magnetization 


10-20 per cent reduction in magnetization 
BH,.,,.. and H. decrease 10-20 per cent 
Usable, subject to degradation 

Usable, subject to degradation 

Usable, subject to degradation 


Usable, subject to partial loss of remanence 


Retains only about 20 per cent magnetization 

Loss of remanence too great 

Loss of remanence too great 

Permanent loss of remanence too great 

Irreversible changes above 100 C 

Curie temperature too low 

Irreversible changes above 100 C 

Loses much remanence at temperature below 
500 C 


770 | 
760 
725 
745 
804 
840 
890 





*Source: Armour Research Foundation (10). 
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An AISI-M6 grain-oriented 314 per cent silicon steel was 
selected for evaluation, although four other general types 
( low carbon steel, powdered iron, silicon steel and cobalt 
iron) are also known to retain their magnetic properties 
at temperatures up to 600 C. Superior performance for 
normal military and commercial use, availability, low cost, 
and long manufacturing background were the determining 
factors for this selection. A 0.010-in. thickness was selected 
in view of the intended 400-cycle application. 

Exciting current and core loss, fundamental indications of 
the condition of magnetic materials, were measured at 400 
cycles as a function of flux density at 30, 250, 400 and 550 C. 
Measurements were made approximately 4 hr after ex- 
posure. Data suitable for use in the design of reactors were 
ybtained at 


these temperatures and at three a-c_ flux 
density 


values: 25, 1000 and 5000 gauss. Aging tests 
were made in addition to the short time tests to determine 
the effect of exposure of the material to a 550 C temperature 
for 1000 hr. The effect was measured by observing the core 
loss and excitation initially and at 300, 600 and 1000 hr. 

The following conclusions were reached: 

[he magnetic properties of grain-oriented 31; per cent 
silicon steel are significantly affected by temperature. Core 
loss at 550 C is reduced to approximately 60 per cent of its 
room-temperature value for each of the 


lamination con- 
figurations examined. The percentage change was apparently 
not a function of flux density. 

Excitation requirements at 550 C, however. are a function 
of flux density. Their requirements are 75 per cent of those 


required at room temperature for 30 kilolines per sq in., 
and rise to about 200 per cent for 100 kilolines per sq in. 
It is estimated that for flux densities between 50 and 60 
kilolines per sq in. there is no change throughout the tem- 
perature range considered in this investigation (30 to 550 C). 

Lamination size is a variable factor. As size and weight 
are increased, both the core loss per pound and the excitation 
decrease. 

Reactor design data were affected in much the same way, 
with a marked change in inductance. Direction of change 
was found to be dependent upon the a-c flux density. Heat 
aging tests show that interlamination insulation has a 
critical function. Separation must be positive and free from 
any voids that will allow oxidation to develop between 
laminations. 

The effects of temperatures up to 600 C, as well as the 
effects of vibration, were investigated by the Instrument De- 
partment of General Electric Company under the snonsor- 
ship of the company’s Aircraft Nuclear Propulsion Depart- 
ment. (23) The objective was the selection of a material or 
materials that would be stable within +5 per cent for a 
period of 1000 hr at 500 C. The effect of low temperatures 
down to —70 C was also investigated. Alnicos V and VI 
appeared to show the most promise. Data were obtained on 
the effect of cycling stability, coefficient of remanence. ex- 
tended exposure to elevated temperature and to vibration. 
Since previous experiments have shown that response to 
environmental conditions may be a function of magnet con- 
figuration, both C-shaped and bar-shaped magnets were sub- 
jected to the stated tests. Without going into the details of 
test procedures, the general conclusions were as follows 
(see also Fig. 4): 

1. Alnico VI appears to be slightly less affected than 
Alnico V_ by these environmental conditions. The selection 
of materials, however, should be based on design and other 
operating conditions except in marginal cases. 

2. Stabilization with an a-c field reduces the effect of 
temperature cycling, but otherwise is not important. 

3. Magnet design is significant for very short magnets, 
but has little effect on magnets operating at or above BH,,,,. 

4. Pre-aging at 500 C was beneficial: remanence increased 
by about 4 per cent. The coefficient of remanence appears to 
be reduced by about 50 per cent. 
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Fig. 4—Loss in remanence after temperature cycling (—70 to 
1500 C), with varying demagnetizing a-c fields, for three 
magnet designs. Source: General Electric Company, Instrument 
Department, West Lynn, Mass. (23). 


5. In most devices accuracy depends on the maintenance 
of a minimum level of flux density. The magnet is thus 
simply over-designed for 25 C operation. For instance, in a 
500 C generator with an Alnico VI rotor, the loss in rem- 
anence will be 2 per cent from cycling and 9 per cent from 
the temperature coefficient. Therefore, it should be over- 
designed by 11 per cent. 

6. General conclusion: Alnico V and Alnico VI magnets 
can be used in most of the devices likely to be exposed to 
vibration or elevated temperatures up to 500 C or to both 
conditions. The use of these materials does not appear to be 
feasible where maximum stability above 500 C is required. 

An extensive study of the effects of high temperature on 
magnetic materials in the range of 500 C is in progress at 
the U. S. Naval Ordnance Laboratory. A report summarizing 
the results to date is in process of preparation. An N.O. 
paper (24) scheduled for presentation at the 1958 AITEE 
Conference on Magnetism and Magnetic Materials,* to be 
held November 17 in Philadelphia, will deal with experi- 
mental high-temperature studies on the following ferro- 
magnetic alloys: Orthonol, 4-79 Mo Permalloy, AEM 4750, 
L and Z Silectron, Transformer A, Audio Transformer A, 
11.7 Alfenol, 15.5 Alfenol, 3 Mo Thermenol, 7-70 Perminvar, 
and Supermendur. Measurements were made of the d-c and 
60 cps magnetic properties in the temperature range of 24 
to 800 C. The materials were also temperature-cycled several 
times and evaluated after each temperature cycle. 

The results indicate that, in general. high temperatures de- 
creased the maximum induction and the residual induction 
from their 24 C values. For all materials tested, with the 
exception of Supermendur and 11.7 Alfenol, the coercive 
force continually decreased with increase in temperature. 
The maximum permeability increased with increasing tem- 
perature until the Curie temperature was approached, then 
it started to decrease. The initial permeability also increased 
with increasing temperature but, unlike the maximum perme- 
ability, it generally started to decrease at a lower tempera- 
ture. 

For all materials tested, with the exception of Super- 
mendur and 11.7 Alfenol, the total core losses continually 
decreased with increase in temperature. Supermendur ex- 
hibited an increase in total core losses in the 24 to 300 
C temperature range, whereas 11.7 Alfenol displayed an 
increase in total core losses in the 500 to 600 C temperature 
range. 

*Eiacracat Manuracturtnc Staff Reports covering the 1956 and 1957 Con- 


ferences on Magnetism and Magnetic Materials are listed under Cited Reference 
(25). 
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Grain-oriented materials were more affected by tempera- 
ture-cycling than were unoriented materials. The effects of 
temperature cycling on the magnetic properties generally 
appeared as an increase in the coercive force, a decrease in 
the maximum permeability. a decrease in the residual flux 
density, and a decrease in the squareness ratio. 


Lubricants 


Lubrication is a critical design consideration in gyros, 
rotary-type transducers, servos and a variety of instrumen- 
tation and control devices subjected to extreme tempera- 
tures in missiles and space vehicles. It is equally a critical 
problem in the design and operation of units of the power 
systems, such as motors and generators. In many instances 
the lubricant becomes the limiting factor in the design. For 
example, no matter how well the electrical insulation system 
of, say, a servo stands up to elevated temperatures, the unit 
becomes inoperable if neither suitable bearings nor lubri- 
cants are available. Air Force targets require lubricants able 
to resist temperatures from —250 to +800 F on a sustained 
basis, and from 1200 to 1500 F on a short-time basis. 

Some of the current research and development approaches 
include the following: 

1. Development of aromatic or mixed aromatic base 
iubricants for service up to 850 F: 

2. Use of liquid metals or salts for service up to perhaps 
1400 F: 

3. Use of vapor-phase lubrication for service as high as 
1500 F; 

4. Development of inorganic polymers to temperature 
limits still undetermined; and 

5. The possibility of raising the temperature limits of 
halo-organics, silicones and dry-film lubricants now used for 
service up to 120 C (250 F). 


Radiation resistance is usually a concomitant require- 
ment. This particular factor rules out certain commercially 
available materials otherwise able to withstand high tem- 
peratures. 

The approach to the problem of suitable electronic lubri- 
cants lies in the synthesis or tailor-makine of special lubri- 
cants to fit both thermal and nuclear radiation requirements. 
Nuclear reactor moderator-coolants that will withstand 
temperatures in excess of 750 F (about 400 C) and that 
are also nuclear-radiation resistant mav provide a starting 
point. For example, Monsanto Chemical Company and Shell 
Chemical Company have developed certain polyphenol com- 
pounds and alkyl derivatives for nuclear reactor coolants 
that may have possibilities not only as lubricants but also 
as high-temperature dielectrics where a high degree of 
stability is necessary. 

Dow Corning Corporation’s new high-temperature hy- 
draulic fluid and lubricant base. an alkvl silane, seems to 
hold promise for application under extreme conditions im- 
posed in missiles and supersonic aircraft. This new material 
(D-C QF-6-7009) is described as being normally stable in 
closed systems to over 285 C (550 F) and up to approxi- 
mately 370 C (700 F) on a short-time basis. 

The use of protective atmospheres for high-temperature 
bearing operation has been the subject of considerable 
study, much of it under Air Force sponsorship. Described 
colloquially as “air or gas” lubrication, this technique 
eliminates the use of organic lubricants and seeks to over- 
come their inherent temperature limitations. Essentially, 
the bearing is surrounded with a reducing atmosphere to 
prevent destructive oxidation. Reactive compounds added 
to the reducing atmosphere form in situ lubricating films on 
the bearing surfaces. To prevent contact welding or scuffing. 
these films should include the reaction product of an ex- 
treme pressure element additive, such as sulfur. 


Table Vil—Bearing Performance in Air and Gas Atmospheres" 





Bearing 
broken-in 


Test temper- | 
ature, deg F | 


Atmosphere 


} 


Test duration 








Air Room 

Air Room to 375 
Commercial nitrogen Room to 375 
Air Room to 600 


CO, + hydrocarbon 600 





Air + hydrocarbon 600 





Yes | Air + hydrocarbon 600 
+ sulfur EP» 





0.1 min 

2 hr, 11 min 

2 hr, 20 min 

3 hr, 10 min 
10 br 
10 hr 
40 hr 


Bearing seized. 


Failed due to excessive wear. Considerable iron oxide 
present. 
Cage worn out .Rust. 


Cage worn out. Rust. 


No rust visible. Considerable 
severely scuffed. 

No rust visible. Trace of soot present. Cace slightly 
scuffed. 

Bearing in good mechanical condition, but ticht due to 
change of dimensions. 


soot present. Cage 





*Source: Shell Development Company (27). 


*Sulfur EP = sulfur additive, to function as an “extreme pressure element’ to aid in situ protective film formation. 


Table Vill—Some “Protective Atmosphere” Lubrication Results at High Temperature* 





Period of 
operation, hr 


22 Ct” 840 
100 700 
22 800 


33 700 


Bearing temp- 
erature, deg F 




















Radial load, 
Ib 


Bearing condition upon completion 


Bearing size of test 


206 Good—much longer operation possible 


206 Good—much longer operation possible 


206 Good—much lonaer operation possible 


209 Good—slightly worn 





*Source: Shell Development Company(27). ‘Protective atmosphere” is air plus hydrocarbon plus a sulfur additive as an “‘extreme pressure element.” 
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fhe lubricating film-torming reaction, however, is not 
compatible with certain metals normally used for high- 
temperature bearings. The metals, therefore, must have a 
positive oxidation potential to accept the films. The all- 
ferrous alloy bearings appear to work the best with this 
method. Runs of 100 hr at 700 F and 22 hr at 840 F have 
been completed without evidence of impending bearing 
failure. (26) Hard steel or cast iron appears to be preferable 
to soft steel as a cage material. 

It should be noted that corrosion- and oxidation-resistant 
metals such as stainless, Monel and Inconel do not work 
well with the method. The tenacious and impervious oxide 
films that are responsible for the inherent corrosion resist- 
ance of these alloys also prevent the formation of films 
essential for the operation of the “protective atmosphere” 
system. 

Complex metallurgical, mechanical and chemical prob- 
lems that enter into this work are outside the scope of the 
review. Much study is still needed to determine the optimum 
combinations of protective atmospheres, bearing materials 
and bearing configuration, and to determine practical limits 
in respect to bearing temperature, speed, load and life. 

Test results obtained in one research program (27) are 
shown in Table VII. The protective functions of a conven- 
tional liquid lubricant that permit a rolling element bearing 
to operate without excessive surface deterioration can be 
extended to elevated temperatures by a properly designed 
vapor mixture. 

Tests at various speeds and loads, all using a protective 
atmosphere of air +- hydrocarbon + a sulfur additive as the 
“extreme pressure element” are given in Table VIII. 


State of the Art 
Nuclear Radiation-Resistant Materials 


Nuclear radiation is not necessarily a simultaneous environ- 
ment with ultrahigh temperature. But since the two con- 
ditions do co-exist in many severe-environment applications, 
a discussion of the nuclear effects on basic materials cannot 
be dissociated from one on ultrahigh temperature effects. 

The literature on nuclear radiation effects has been more 
generous than on ultrahigh temperature conditions, probably 
because the Atomic Energy Commission has been engaged 
in radiation effects studies for a number of years. Although 
much of this literature is for the specialists, a good portion 
has been interpreted for the equipment design engineer. 

To discuss “the state of the art” of nuclear radiation- 
resistant materials is, however, much easier said than done. 
The prime difficulty arises from the considerable confusion 
that exists in respect to definitions of parameters, nomen- 
clature, and standards for test equipment and test methods. 
A detailed exposition of these problems was presented at 
the 1957 Winter General Meeting of the AITEE. (28) A 
program intended (1) to resolve these problems and (2) 
provide a means for periodic publication of abstracts of 
current literature was set up by cognizant AIEE and ASTM 
committees. To organize available knowledge and future 
data properly, compilation in tabular form has been pro- 
posed. 

One of the existing problems is the difficulty in setting 
up meaningful relationships between, or conversion factors 
for, the various units now in use for specifying nuclear 
radiation dosages. The units fall into two main classes: (1) 
in which energy actually absorbed is measured, and (2) 
in which the number of impinging particles is merely 
counted. The units most generally used are these: 

Rad: 100 ergs absorbed per gm of material 

Rep: 93 ergs absorbed per gm of tissue 

equivalent physical’) 

Roentgen: 83 ergs per gm of dry air, in practice. The 

standard definition is “the quantity of X- or gamma- 


(“roentgen 
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Fig. 5—Compressive stress vs strain curves of heavily silica 
filled epoxy casting resin (Minnesota Mining Sealcast 502) 
showing effects of various dosages of gamma radiation. Source: 
Minneapolis-Honeywell Regulator Company, Plastics Labora 
tory (31). 


radiation such that the associated corpuscular emission 
per 0.001293 gm of air (1 cu cm under standard tem- 
perature and pressure conditions) produces, in air. 
ions carrying one electrostatic unit of quantity of 
electricity of either sign.” 

* n neutrons per cm? moving with a velocity v cm per 
sec; the product nv equals the number of neutrons 
of velocity v that traverse 1 sq cm. 

Not: the dosage unit corresponding to the nv flux unit, 
equal to the product of nv and exposure time in 
seconds. 

A good approach has been taken toward the solution of 
these problems in some General Electric research reports 
on dosimetry, as well as on the radiation effects on materials 
(29, 30) Much, however, has still to be accomplished. 

Several specific materials development and materials 
evaluation programs will be now summarized. 


Epoxy Embedment Compounds 


A study on the compressive properties of epoxy casting 
resins was undertaken by the Minneapolis-Honeywell Regu- 
lator Company’s Plastics Laboratory. (31) The materials 
tested were three epoxy compounds manufactured by Min- 
nesota Mining and Manufacturing Company: Sealcast 502. 
a heavily filled resin using a variety of silica as its primary 
filler; Sealcast 504, with calcium carbonate as its primary 
filler; and Sealcast 506, also with a silica filler as in No 
502, except that it uses a high-temperature hardener. Con- 
sequently Sealcast 506 exhibits somewhat different temper- 
ature-resistance and radiation-resistance characteristics. 

Epoxy resins have generally displayed quite good radia- 
tion resistance, considerably improved by the addition of 
suitable fillers. This behavior has put the epoxies in about 
the same resistance range as polyethylene. The use of 
aromatic structures in the epoxy system (as in one of the 
materials tested) seems to increase resistance to radiation 
damage. 

Figure 5 summarizes the results of some of the Honey- 
well work to date. Sealcast 502 appears to be somewhat 
adversely affected by the radiation when exposures reach 
the 108-rad level. A similar result is noted with Sealcast 
504. A reverse effect is noted with Sealcast 506. 

The compressive modulus values are too wide in range 
and overlap to such an extent that comparisons on the basis 
of the sample size used are not valid. The compressive 
strength at 1 per cent strain is likewise unrevealing. The 
Sealcasts studied appear, however, to have been changed 
only a little by the gamma ray exposure. 


Silicones 


The silicone materials have shown encouragingly good 
radiation resistance. A preliminary report has already ap- 
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peared in this magazine (32) and a more detailed report 
is scheduled for the near future. as soon as the evaluation 
program has been completed. The following comments can 
be made at present: (33) 

1. Silicone resins maintain their properties after doses of 
1000 megarads of gamma irradiation. 

2. Silicone rubber becomes brittle after exposure to 100 
to 500 megarads. The usefulness of silicone rubber, there- 
fore, depends upon the flexibility required. 

3. Silicone resin foams are being evaluated as potting 
compounds. While the thermal conductivity of silicone foams 
is low, their thermal stability and dielectric properties are 
good. Values for dielectric constant range from 1.3 to 2.0, 
depending upon density; dissipation factor is less than 
0.001. Thermal life at 350 C has not been evaluated. How- 
ever, if the foam is confined within a can, it may retain 
enough physical integrity after 500 hr at 350 C to provide the 
necessary protection. 

4. Slab samples of silica-filled R-7521 solventless silicone 
resin were exposed to gamma radiation for doses up to 1000 
megarads. Properties of the samples which were observed 
after irradiation were color, flexural strength, electric 
strength, dissipation factor, dielectric constant, volume re- 
sistivity, and arc resistance. Although some effects of ir- 
radiation were observed on most of these properties, these 
effects were usually sma!! and had limited practical signifi- 
cance. However, dielectric measurements made on samples 
in a strong radiation field show that the dielectric losses 
are much greater during irradiation than prior to or im- 
mediately after irradiation. 

For most applications, irradiation up to 1000 megarads 
has no appreciable effect on the major properties of silica- 
filled R-7521 resin. Several effects, however, were noted: 

a. Color was slightly darkened. 

b. Rapid-rise electric strength was increased by irradia- 

tion from 500 to 1000 megarads. 

. Low-frequency dissipation factor was increased slightly. 

. Dielectric constant was increased very slightly. 

. Moisture resistance was decreased on the surface. 
Arc resistance measurements became more consistent 
and were low in value. 

Dielectric losses during irradiation were large and were 
a strong function of the dose rate. 


Polyethylene Terephthalate (Mylar) 


The effects of electron irradiation dose, irradiation rate, 
and post-irradiation rates on sheet or film insulation such as 
Mylar were investigated by the Naval Research Laboratory. 
(34) Since failure of such materials is usually the result of 
voltage breakdown, this investigation dealt largely with the 
changes in electric strength at various levels of irradiation. 
Other dielectric property changes were also observed. A 
commercial grade of Mylar, gage 200, provided the test 
specimens. A 2-mev Van de Graaff accelerator was utilized 
as the irradiation source. The following conclusions were 
reached: 

1. Electron irradiation has little, if any, permanent effect 
upon the dielectric constant and the dielectric loss of Mylar 
for the dosage and rates used. 

2. At high dose rates, the dielectric constant and loss 
undergo significant changes but, upon removal from the ra- 
diation field, recover. This phenomenon is related to 
thickness of specimen; the thinner the specimen, the more 
pronounced the change and the slower the recovery. 

3. Calculations support the hypothesis that the transient 
decrease in dielectric constant is a surface effect. 

4. Electric strength of Mylar is a function of dose rate. 
The lower the dose rate the more pronounced is the change 
for the same integrated dose. The material tends to recover 
except. for high dosages, in which case the electric strength 
decreases with time. 
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5. The thermal aging characteristics of Mylar are not 
influenced by electron radiation until the total exposure ex- 
ceeds 188 rads. 

6. Pre-ionization of Mylar does not materially reduce the 
scatter in the electric strength data. 

7. Mylar appears to be relatively stable and capable of 
maintaining its electrical characteristics for the dose and 
dose rates investigated. The existence of transient changes 
in dielectric properties during irradiation is indicated. 


Microwave Properties of Dielectrics 


As part of an experimental program at Oak Ridge Na- 
tional Laboratory (35) the effects of neutron and gamma- 
ray irradiation on the dielectric constant and loss tangent 
of several dielectrics were investigated in the 4-megacycle 
region and also in the microwave region from 0.8 to 8.5 
kme. In the 4-mce tests, the dielectric constant and the atten- 
uation of polyethylene-insulated cable (RG 11/U) and 
TFE-fluorocarbon (Teflon) insulated cable were measured 
during irradiation in the ORNL graphite reactor. The 
measurements at the microwave frequencies were made be- 
fore and after irradiation in the reactor and in a cobalt-60 
gamma ray source. The materials investigated included 
polystyrene, polyethylene, TFE-fluorocarbon, nylon, phenol 
formaldehyde and fused silica. Experimental results were. 
briefly, as follows: 

1. After 800 hr in the reactor, the change in attenuation 
of the polyethylene-insulated cable was approximately 9 
per cent. If the fact that only 60 per cent of the cable was 
irradiated is taken into account, and it is assumed that this 
portion changed uniformly, then there was approximately a 
15 per cent change in the attenuation in the irradiated 
portion. The dielectric constant increased approximately 4 
per cent. 

2. The increase in the dielectric constant of the TFE- 
fluorocarbon cable was approximately 3 per cent for 600 hr 
of irradiation. Attenuation did not change by more than the 
error in the measurement. 

3. The cumulative effect of neutron irradiation on the 
loss tangent of polystyrene, polyethylene, TFE-fluorocarbon, 
and fused silica shows no change in the loss tangent of poly- 
styrene or fused silica within error of the measurement. 
Changes were noted in polyethvlene and TFE-fluorocarbon 

4. Gamma-ray irradiation (cobalt 60) shows no effect on 
the loss tangent of polystyrene, within the range of error. 

5. In nylon, no change is observable in the loss tangent 
for integrated gamma-ray fluxes of 6 10° roentgens. The 
phenol formaldehyde showed only small changes except at 
8.5 kme. At this frequency, a gradual decrease was apparent 
throughout the irradiation. 


Magnetic Materials 


The behavior of various commercial and developmental 
magnetic materials under nuclear radiation has been pre- 
viously noted. It will be discussed at greater length in a 
forthcoming article. (36) This article will include details 
of experimental work conducted at the Naval Research 
Laboratory on 2-81 Molybdenum Permalloy, 50-50 Nickel- 
ferrite, 16-Alfenol, 2-Vanadium Permendur, 5-79 Molyb- 
denum Permalloy, Orthonol, and 3.5 per cent silicon steel. 
No overall conclusions can be made on magnetic materials 
as a whole. The degree of effect from nuclear radiation 
varies from material to material. 

The same article will also discuss the effects of nuclear 
radiation on metallic oxides used in semiconductor devices. 

In the field of semiconductor materials, the extent and 
nature of nuclear radiation damage is best appraised by a 
study of these materials in the form of semiconductor com- 
ponents and devices such as transistors, diodes and rectifiers. 
This follows from the fact that the radiation effect is not so 


ELECTRICAL MANUFACTURING 





much that of degradation of properties as it is of possible 
disarray and change in the crystal lattice structure. Since 
semi-conductor devices are finely constituted and balanced 
structures, even a slight degradative change in terms of 
physical characteristics may seriously impair the circuit 
performance of the device. 


Ceramic Materials 


Pyroceram fine-grained crystalline nonporous glass ce- 
ramics have been subjected to simple electron bombardment. 
Tests on type No. 9606 (previously discussed as an ultra- 
high temperature material) showed no deterioration or color 
changes with dosages that would normally cause fracture in 
other glasses. Samples have also been prepared for ex- 
posure to gamma radiation. Various physical, chemical and 
electrical properties will be remeasured after exposure, both 
in air and water, to radiation flux from 10° to 10'° roentgens. 

A study of the chemical structure of this material would 
suggest that, except for discoloration, only small changes 
in the properties would be encountered at flux levels up to 
10° roentgens. Beyond this level there may be some changes 
in electrical properties; for example, an increased loss 
factor. 

Generally, inorganics, such as various ceramic dielectrics 
and insulating materials, show much better resistance to 
radiation than organics. The literature on the subject pro- 
vides some specific comparative data. In wire and cable 
insulation the high-temperature performance of ceramics is 
joined to their irradiation resistance as the basis for current 
research and development programs. 


Lubricants 


Equipment consistently exposed to high-level radiation 
sources obviously requires radiation-resistant lubricants. In 
a research and development program reported by Shell Oil 
Company’s Lubricants Division, commercially available 


greases were first screened by means of exposure to static 
(Van de Graaff) radiation in dose levels ranging from low 
to moderate. These conventional greases included various 
metallic soap-base materials as well as inorganic and organic 
microgels. 


The initial screening was performed under static irradia- 
tion conditions so that each specimen could be subjected to 
a controlled total dosage. The commercial materials were 
progressively eliminated in the screening process. Synthetic 
fluids such as the silicones and diesters exhibited short 
lives under irradiation. The selected petroleum fraction in 
Shell’s APL grease, however, was able to resist irradiation 
effects (total dose 10° roentgen) and to retain its lubrication 
properties at elevated temperatures. 

Since satisfactory static irradiation tests are not neces- 
sarily a guarantee of equivalent service performance, a 
dynamic irradiation test program was also carried through 
at the AEC reactor, Idaho Falls, Utah. The APL grease was 
subjected to a total incident dosage of 7.2 X 10° roentgens 
at an average rate of 5.9 X 10° roentgens per hr for the 
123-hr duration of the test. At the end of this period the 
grease was still in a satisfactory lubricant condition as 
indicated by the 180 micro-penetration test. (The test was 
terminated at 123 hr for operational reasons.) By compari- 
son, a premium quality lithium soap-base grease failed after 
a total dosage of 8.2 x 10’ roentgens at an average rate of 
9.6 < 105 roentgens per hr. 


State of the Art— 
Wire and Cable Materials 


The need for ultrahigh temperature electrical insulation 
for magnet wire and other electronic wire has been respon- 
sible for several Department of Defense research and devel- 
opment contracts aimed at the development of ceramic and 
ceramic-organic wire coatings. 
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A Wright Air Development Center contract with the 
Georgia Institute of Technology Engineering Experiment 
Station called for insulation with these target requirements: 
(37) 

. temperature of operation: —85 to +-1500 F 

. high electric strength: 400 vpm and higher 
low loss tangent: 0.01 and smaller 
low dielectric constant: maximum 4.5 

5. flexibility at room temperature such that a coated 
wire can be wrapped around a mandrel with a 
diameter 10 X that of the wire 

9. high impact strength 

. high abrasion resistance 

. pressure-change resistance 

. thermal shock resistance 

. corrosion resistance to oils and salt atmosphere 

. minimum weight 

2. maximum imperviousness to moisture 

3. maximum reflectivity 

. concentricity of coating 
life expectancy of at least 10,000 hr 
use of low strategic materials 

The experimental work reported to date centers on the 
development of a multilayer coating which incorporates a 
ceramic-organic protective film and a refractory base coat 
for the wire substrate. The latter coat is formed by electro- 
plating wires of copper or other metals with aluminum and 
subsequently anodizing them in a suitable solution. The 
aluminum oxide layer between the wire and the ceramic- 
organic coat helps to improve the electrical properties of 
the coating. It also provides a base readily wettable by the 
ceramic phase of the ceramic-organic combination. The 
organic component of the coating (an epoxy resin) provides 
protection for the wire over the lower part of the temperature 
range. As the temperature is increased, the epoxy resin 
gradually burns out and the ceramic frit begins to fuse. 
After complete burn-out of the resin, the frit remains as a 
coating able to resist temperatures up to the 1500 F target 
level. 

Application of aluminum to copper wire has been the 
main problem area. Although coatings with very good ad- 
herence have been obtained, first indications were that the 
problem in plating seemed to be in pre-cleaning of the cop- 
per. Gold plate was applied as an initial coating in some 
tests prior to the aluminum plating of the copper. 

It is reported that the work on this program, although still 
incomplete, reflects a steady improvement in the quality of 
the coatings being accomplished. 

In another WADC-sponsored contract, the University of 
Illinois has been engaged in developing inorganic coatings 
for wire insulation to meet the same target requirements 
as listed previously. Test procedures (38) were developed 
for determining the electric strength, dielectric constant, 
and dissipation factor of experimental coatings on both 
sheet copper and copper wire. Certain coating compositions 
formulated in the alkali-B,0,-SiO, system were found to 
have the requisite dielectric properties at room temperature. 
A major part of this program was to design and construct 
equipment for continuously applying and firing vitreous 
coatings onto copper wire. 

A flexible ceramic-vitreous enamel, Ceramicite, developed 
by Consolidated Electrodynamics, is used commercially as 
a high-temperature magnet wire insulation. With a nickel- 
clad copper conductor, the wire is rated for continuous 
operation at 1000 F. Limited exposure up to 1700 F is 
said to be attainable. With a solid nickel conductor contin- 
uous operation may be extended to 1500 F. A particular 
feature of the Ceramicite-insulated magnet wire is its 
flexibility—3 % mandrel without apparent damage. High 
resistance to thermal shock and mechanical vibration are 
other features. 

The one weakness of this insulation is its porosity. Con- 
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Table 1X—Conductor Materials Operation at 500 C Ambient* 





Melting Conductivity 


per cent 


point, 
deg C IACS, 20 C 


Silver 960.5 | 106 
Aluminum 660 61 
Aluminum-clad copper 660 85 
Silver-magnesium-nickel 970 75 
27 per cent nickel-clad 1083 76 


copper 

Copper 1083 100 
Magnesium 651 38. 
Gold 1063 81 
Platinum 1773 18 
Palladium 1555 16 
Tungsten 3370 32 
Molybdenum 2620 36 
Titanium 1725 3. 
Nickel 1455 22 


Material 











Resistivity 
10-* ohm-cm, 
500 C 


Comment on operation at 500 C ambient 
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Suitable; more costly, heavier than copper 
Temperature rise in apparatus is critical 
Melting point of aluminum is limiting factor 
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Permanent change in resistance 
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Must be protected against oxidation 
Good corrosion resistance 

Costly, may have limited application 
Suitable for contacts and binding posts 
Soft, corrosion resistant 

Good arc and pitting resistance 
Oxidizes at elevated temperature 

For ceramic and glass-to-metal seals 
Use as electrode or cladding material 
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*Source: Armour Research Foundation (10). 


sequently it must be protected by means of encapsulation 
with a suitable resin or a ceramic compound for operation 
where moisture is encountered. 

At this writing the Ceramicite material has been licensed 
for wire insulation to Sequoia Wire and Cable and to Hi- 
Temp Wires, Inc. At present the insulation is applied 
only to solid conductors. For flexible hook-up wire, the 
strands are individually coated and a glass braid is pro- 
vided for overall protection. 

Another ceramic-coated magnet wire has been supplied 
to a limited extent in a “B” or semi-cured stage. (39) The 
insulation consists of a ceramic frit applied to a nickel-clad 
copper conductor with an organic adhesive vehicle. A cure 
temperature of 750 C burns off the binder and leaves the 
ceramic insulation in a solidly fused mass impervious to 
moisture. It may be necessary to incorporate other materials 
into the windings of a coil to withstand the 750-C cure 
cycle without some adverse reactions with the wire coating. 

High-temperature insulation can also be provided by sev- 
eral servings of silicone-resin bonded glass fibers over 
nickel-plated copper conductors. At temperatures up to 
about 220 C the wire structure is left unchanged. However, 
the same wire is usable in 500 C systems by driving off the 
silicone bond and replacing it with an inorganic binder or 
cement. The good electric strength of the wire is retained 
even after removal of the silicone bond. At temperatures 
of 500 C or higher it is necessary that vibration conditions 
and contaminating environments be kept to the minimum. 


Conductor Materials 


There is some opinion that for high-temperature applica- 
tions in the 500 C or higher range, nickel-clad copper con- 
ductor is the most desirable. This type of conductor remains 
free from scaling at these temperatures. The copper should 
be oxygen-free, high-conductivity type grade to guard against 
embrittlement under heat aging conditions. The experience 
of others, however, is that nickel-clad copper is not suitable 
for these applications, since at 500 C the nickel diffuses in 
the copper. Silver is considered the most suitable conductor 
material. 

Experimental work has already been reported in alumi- 
num-clad copper wire. (40, 41) The application of anodized 
aluminum-clad wire as a base for a ceramic coating has 
already been noted in this report. 

Anodized aluminum conductors as completely “self-insu- 
lated” wire structures have several good features such as 
relative low cost and insulation resistance stability up to the 
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melting point of the conductor. The electric strength, how- 
ever, is a function of the anodized film buildup; if an in- 
crease in the electric strength is necessary, the film may 
build up to a point where it is too heavy and brittle. Po 
rosity of the film may require encapsulation under certain 
conditions. 

The use of solid aluminum conductor has its limitations 
in 500 C operation, since this temperature is too close for 
comfort to the melting point of the metal (660 C). An 
ambient of 500 C would very likely impair the physical 
properties of the metal. 

Owing to their high melting points, molybdenum and 
tungsten have been used for certain high-temperature 
applications. Conductivity, however, is only one-third that 
of copper; oxidation resistance is only fair; and work- 
ability is poor. Molybdenum can be protected against oxi- 
dation up to 1800 F by means of a suitable siliconized 
coating. 

Good conductivity as a major requirement is likely to 
persist at applications in the 500 C range and higher, as it 
does in more conventional ranges. Despite respective limita- 
tions, the best possibilities in basic 500-C conductor metals 
are still silver and copper, and possibly aluminum. Con- 
densed data on conductor materials, with comment on 500 C 
performance, appear in Table IX. (J0) 


State of the Art—Electronic Components 


The temperature limitations of commercially available 
components have already been indicated in Table III. In 
general, the temperature limits shown are predicated on 
long-term exposure, from 50 to 100 hr and up. For short- 
term applications, many of the component parts can be used 
at temperatures higher than the limits indicated. 

Although the commercial “state of the art” is not as close 
to the military targets as may be desired, the future holds 
reasonably good prospects for improvement. This is reflected 
in the evidence of commercia! initiative and industry-spon- 
sored R & D programs revealed in the last column of Table 
III, headed “Limits Based on Commercial Claims.” 

At best, however, it seems clear that military requirements 
are rapidly outstripping the commercial state of the art of 
miniaturization, new environments and reliability. Research 
and development programs leading to improved technology 
are being supported by the military to an ever-increasing 
extent. It cannot be stressed too strongly that the commercial 
state of the art is now, and will continue to be, a byproduct 
of military electronics, rather than the other way around. 
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Semiconductor Devices 


Semiconductor devices appear to be the most critical from 
the standpoint of both radiation and temperature damage. 
The primary effect of neutron bombardment on a semicon- 
ductor component is to alter the impurity content and hence 
the electrical conductivity. Tests on silicon rectifying de- 
vices indicated that failures were due to deterioration of the 
forward characteristic and decrease in the breakdown voltage 
and the forward resistance. Increased forward resistance 
creates excess power dissipation and reduced output voltage. 
Germanium diodes may fail under nuclear radiation because 
of deterioration in the reverse characteristic. Germanium 
transistor deterioration under radiation follows a definite 
pattern for each type. Most affected is the p-n-p type. Tran- 
sistor action ceases when the n-type material is changed to 
the p-type. Transistors of the n-p-n type can withstand 10 to 
100 times more radiation than the p-n-p type because the 
base is already heavily doped (4]a). Transistors of the high- 
frequency type are least affected because of the very narrow 
base region. 

A significant factor in transistor applications in a radia- 
tion environment is that the rate of bombardment has little 
effect. Damage is determined by the ultimate dose. Both 
germanium and silicon transistors can be used with feedback 
under nuclear dosage of up to a maximum of 2 X 101 nvt. 

Several research programs are underway to develop semi- 
conductor devices specifically for applications at high tem- 
peratures. Among these are the extensive programs on 
power rectifier development in progress at Westinghouse. 
Best performance to date has been achieved with grown 
junctions of silicon carbide. (416) Laboratory devices have 
operated at temperatures up to 1300 F. 

Development of high-temperature semiconductor devices is 
also being pursued by RCA. Materials of interest here are 
gallium arsenide and indium phosphide. Achievements in- 
dicate that rectifiers and possibly transistors made from 
gallium arsenide will be operable to temperatures beyond 
300 C. High-temperature measurements have been made on 
indium phosphide surface-diffusion transistors. (42) 


Electron Tubes 


Extensive investigations have recently been completed on 
techniques for construction of several types of electron tubes 
that can operate in an ambient of 500 C without harm from 
the effects of nuclear radiation. (43, 44) A primary difficulty 
in operating conventional tubes at elevated temperatures is 
that the grid and anode electrode surfaces become coated 
with materials evaporated from the cathode. The electrodes 
then lose the characteristics of a clean metal, causing sec- 
ondary emission and noise, also change in effective bias. 

New ceramic-to-metal sealing techniques make it possible 
to build radically different types of receiving tubes. Titanium 
and ceramic parts may be brazed after having been stacked 
one on the other. The use of titanium for the metal parts 
of the envelope is dictated because of its excellent gettering 
properties and the ease with which it can be degassed. A 
fosterite ceramic is employed because it has an expansion 
characteristic similar to that of titanium metal. Use of 
titanium and ceramic components in the construction of a 
tube permit the application of high-temperature degassing 
and exhaust procedures. The use of titanium for the anode 
in preference to nickel is predicated on its greater reactivity. 
At high temperatures the titanium metal is believed to react 
with any barium oxide that may be deposited on it from the 
cathode. In the reaction, the titanium metal absorbs the 
oxygen and the barium is evaporated. 

Above 500 to 600 C a reduction in heater power becomes 
important, although normal heater power input is needed 
before reaching high-temperature environments. 

Conversion from glass to ceramic envelope tubes is “the 
order of the day.” Glass envelopes liberate copious quantities 
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7000 8000 
Fig. 6—Results of ceramic diode high-temperature stability 
test. Diode was placed in 500 C oven and saturated emission 
was held constant by changing oven temperature. Curve shows 
temperature variation with time. Source: General Electric Re- 
search Laboratory, Applied Physics Section, Electron Physics 
Research Department, Schenectady 5, N. Y. 


of gas starting as low as 150 C. Barium getters begin to 
re-evaporate and may even liberate some gettered gases 
starting just beyond 200 C. (44) 

When a tube employing ceramic and titanium construc- 
tion is operated at elevated temperatures, it might be ex- 
pected that the grid would emit as readily as a cathode after 
it becomes covered with material evaporated from the 
As already noted, at higher temperatures (500 C 
and above) titanium reduces any barium oxide that may 
evaporate on it. The amount of barium remaining on a 
titanium grid element operating at the same temperature as 
the cathode is determined by the type of base metal and 
other materials as well as the processing used for the cath- 
ode. The work function is the primary characteristic insofar 
as the cathode base material is concerned. To achieve a low 
level of grid emission, the work function of the grid must 
be higher than that of the cathode. This causes a positive 
contact potential to exist between grid and cathode. Ex- 
periments at General Electric Research Laboratory (45) 
revealed a contact potential difference of about 2 volts. This 
value was maintained for over 3000 hr at 600 C. Ceramic 
diode stability test results are shown in Fig. 6. 


cathode. 


Transformers and Inductors 


Primary development work in this area is typified by a 
major Air Force Contract AF33(616)-3623 with General 
Electric Co. at Fort Wayne, Ind. (46) Contract objectives 
called for the development of electronic power transformers 
capable of operation in a 500 C ambient temperature and in 
intense nuclear radiation. Steps to accomplish these develop- 
ments involved evaluation of basic transformer materials and 
evaluation of combinations of the materials in experimental 
transformers and the development of ceramic processes and 
supporting members to give mechanical and moisture pro- 
tection. Tests were performed under combined high tempera- 
ture and radiation conditions. Mechanical tests were also 
combined with high temperature. 

The results of the materials investigation indicated that 
mica paper, glass-served silver wire and grain-oriented sili- 
con steel are prominent among materials having adequate 
properties for use in electronic power transformers in the 
specified environments for 1000 hr. Life-test results showed 
that these materials can perform their intended functions 
when assembled as transformers. The feasibility of an en- 
capsulated protective technique using a thin ceramic coating 
in conjuction with a stainless steel mesh was established. 
Further development, however, is required to make best 
use of the ceramic material. An hermetic protective device 
gives the required environmental resistance for present 
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applications although this type of construction has a weight 
disadvantage. There is tentative indication that the effects of 
combined nuclear radiation and temperature environments 
on both materials and the transformer packages are pri- 
marily caused by temperature. An exception to this is the 
electric breakdown strength of air. 

Transformers have been designed for operation to over 
250 C using liquid and gaseous fluorochemicals as a com- 
bined dielectric and coolant (46a). Development is in prog- 
ress on the application of circulating fluorochemical heavy 
vapors as a combined coolant and dielectric. 


Capacitors 


Many contracts are now in operation which provide gov- 
ernment support for capacitor development. The greatest 
difficulty is the need for dielectric materials. The basic re- 
quirement is a megohm-microfarads product of 5 at 500 C. 
Several firms have reported that higher purification of basic 
materials is necessary to achieve these results. Crystal 
structure (lattice energy) of the dielectrics is apparently 
related to melting points; width of energy gap (forbidden 
band) governs dielectric properties. At high temperatures, 
impurities introduce charge carriers which effectively re- 
duce the width of the forbidden band energy gap with 
resulting impairment of dielectric properties. (47) Devel- 
opments to date are restricted to rather low capacities: 
higher capacities are needed for transistor by-passing appli- 
cations at low voltage. 

Developmental capacitors have been evaluated at WADC 
which operate to 500 C and are radiation resistant. A par- 
ticular group of capacitors made by General Electric at 
Hudson Falls survived 2000 hr at 500 C. 1000 hr with 100 
volts applied, and 1000 hr with 200 volts applied. Capacity 
ranges are 0.001 to 0.05 microfarad at 250 volts d-c. The 
insulation resistance is about 0.1 megohm-microfarad. This 
limits applications of these units to circuits where high 
leakage can be tolerated. 

Good results have been achieved by American Machine 
& Foundry Co. using magnesium oxide. P. R. Mallory is 
concentrating on boron nitride combinations. Rolled glass 
types using 1.5 mil glass show promise for operation at 300 
C without derating. Corning Glass is pursuing this avenue: 
recently announced units will withstand 10'8 nvt and are 
available in values to 10,000 uuf at 300 volts d-c. Aerovox is 
making a rolled ceramic capacitor which also shows promise 
for high-temperature applications. Films of zirconium diox- 
ide formed on substrates of aluminum are being investigated 
as a possible dielectric material for 500 C operation. It is 
anticipated that wound capacitors may be fabricated by 
forming a dielectric film of zirconium oxide and metal on an 
alumina cylinder. Beryllium oxide and magnesium oxide 
are also being investigated as dielectrics by many labora- 
tories. Magnesium oxide is being investigated as applied to 
stainless steel and to aluminum foil for capacitor fabrication. 
The magnesium oxide on stainless produced a product of 5.9 
megohm-microfarads, which slightly exceeds the above goal. 

An extensive program has been undertaken by Bendix 
Aviation Corporation at Sidney, New York to eliminate 
strategic mica films as dielectric material for high-tempera- 
ture capacitors. They have developed a series of capacitors 
good to above 300 C using reconstituted mica paper which 
consists of particles of mica brought together without bond 
to adhere to each other by molecular attraction; the resulting 
sheet is then impregnated to fill voids and increase the 
electric strength. 

At P. R. Mallory, most of the work in capacitor develop- 
ment has been concentrated on boron nitride. mainly be- 
cause of its high insulation resistance and apparently high 
electric strength. The dissipation factor and the breakdown 
voltage at 500 C is considerably better than most other 
materials measured at that temperature. 
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At American Machine & Foundry Co. in Alexandria, Va., 
progress has been made in processing magnesium oxide 
dielectric capacitors. Sprague is developing solid electrolyte 
(ceramic) types which look good to 350 C. 


Resistors 


In the development of high-temperature resistors, the most 
promising work is in tin-antimony combinations being in- 
vestigated by P. R. Mallory, and rhodium-antimony and 
gold-palladium combinations developed by International 
Resistance Co. (47a) A different technique which shows 
considerable promise is being pursued by General Electric 
at Syracuse. This consists of depositing resistive material 
within a hollow evacuated ceramic tube which is then sealed 
and metallized with titanium end caps. 

The P. R. Mallory achievement to date is as follows: 
temperature coefficient 200 ppm from —55 to +-500 C 
with a 3 per cent resistance change after 200 hr at 500 C. 
The G-E ceramic tube technique produced a 600 ppm char- 
acteristic from +25 to 500 C. The G-E resistors are radia- 
tion-resistant. Daven Laboratories claims 500 C noble metal 
resistors with 5 per cent stability for 200 hr. 

The Radar Research Establishment in England has also 
worked on metal film resistors and platinum-gold types are 
now becoming commercially available. These fixed resistors 
are fired on a glass base. Pressure connections on the ends 
provide operation to 300 C, the limiting factor appearing to be 
the end connection attachments. Experimental tin-antimony 
chlorides on glass rods have run for several hundred hours 
at temperatures of the order of 400 C. Wire-wound variable 
resistors are reported to be available from Fairchild Con- 
trols Corp., which reports likelihood of meeting 500 C 
operation using the same techniques. 

At IRC, although they have worked in the noble metals, 
it is reported that they have decided to concentrate on 
carbon-deposited resistors for 500 C use on a short-time 
basis. The reason for working on the carbon deposited 
types is that, despite the logic of the noble metals, tech- 
niques to achieve stability have not as yet been perfected. 
Tin-antimony compound is suspect because the tin oxide is 
essentially a semiconductor and is subject to radiation 
damage. Radiation damage experience at room temperature 
cannot be strictly extrapolated to that at 500 C. Under the 
higher temperature there may possibly be a reconstruction 
of ions and the defects may decrease at a faster rate than 
originally formed. 


Printed Circuits 


Above 300 C the most promising method for forming 
printed circuits and components is chemical deposition. Con- 
ducting lines, connectors, and resistors formed by this method 
are capable of prolonged operation without hermetic sealing 
at 500 C. Indications are that with proper resistor protection. 
operation up to 700 C may be feasible. Printed circuit work 
is being undertaken on behalf of Air Force Cambridge Re- 
search Center by the Haloid Co. (48) This work has for its 
objective the development of printed circuits and passive 
components capable of continuous operation at temperatures 
in excess of 200 C. Conductive lines (printed wiring), re- 
sistors and soldered connecting joints capable of operation at 
temperatures in excess of 300 C were developed under this 
contract. Capacitors capable of operating in the neighborhood 
of 200 C were also evolved. 

Two independent methods for producing printed wiring 
and components were developed. Both utilized the idea of 
placing layers of conductive and resistive materials en ce- 
ramic substrates and of subsequently selectively etching these 
layers to produce the desired components. In one method 
the conductive, resistive and sometimes dielectric layers 
were deposited by vacuum evaporation techniques; in the 
other, a combination of chemical deposition techniques. 
such as hot spraying and electroplating, were employed. 
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The chemical deposition method had an important advan- 
tage over the vacuum deposition technique in yielding 
circuits capable of operating at temperatures in excess of 
300 C without employing protective coatings of any kind 
to hermetically seal the components. However, no suitable 
means of producing satisfactory capacitors by this technique 
was discovered. On the other hand, capacitors were formed 
by a vacuum deposition so that complete R-C circuits could 
be fabricated by means of this technique. These capacitors 
were not capable of operation at temperatures in excess of 
200 C; however, the prospect of producing capacitors 
capable of operating at higher temperatures appears to be 
good. 

Glass-bonded mica (synthetic and natural) appears to 
be suitable for printed wiring bases or as terminal boards at 
500 C. In addition to these materials, many ceramics should 
also be quite useful. Silver conductor strips etched or 
plated on the boards with binding posts of platinum, mag- 
nesium, silver or some other mechanically stronger materials 
might also be considered. Care must be exercised in choice 
of metal and ceramic combinations so as to match expansion 
coefficients as closely as possible. 

Points to be considered in the choice of board material 
will depend only on the specific application, but electric 
strength, resistivity, mechanical strength and lack of brit- 
tleness are the more important ones to be considered. None 
of the presently used materials on commercially available 
printed wiring boards would withstand an ambient tempera- 
ture of 500 C for very long. 

A complete multivibrator circuit using laboratory-built 
heaterless ceramic triodes has been operated at 700 C at 
the General Electric Co. 


Transducers 


A number of development programs of specific components 
suitable for 500 C are currently underway. The severity of 
the problems anticipated for components in this category 
is implied by the fact that very few commercial claims have 





Future Articles in This Series 


This review begins a new series of articles in the 
vital areas of materials and components for service 
in ultrahigh temperature and nuclear radiation en- 
vironments. The function of this review has been to 
examine critically the broad problem areas and the 
state of the art. Future articles will deal with several 
specific phases of the subject. Already scheduled 
are the following: 

e Nuclear Radiation Effects on Electronic Metals 

e Transformers and Inductors for Ultrahigh Tem- 

perature and Nuclear Radiation Service 
Ultrahigh Temperature Servos and Other Rotary 
Devices 

Electromechanical Devices for Ultrahigh Tem- 
perature and Nuclear Environments 

Radiation Effects Data Sheets on Tubes, Semi- 
conductors, Resistors and Capacitors 











been made for operation above 150 C. There is a great need 
for temperature and pressure-sensing elements for nuclear 
power instrumentation. The need is most critical for air- 
craft nuclear propulsion systems where shielding and cool- 
ing imply size and weight penalties. 

A radio frequency cable type CE393 is claimed to provide 
shielding against electrical noise due to nuclear radiation. 
This cable, made by IT&T for use in nuclear instrumenta- 
tion, is also claimed to withstand temperature of 200 C dur- 
ing normal operation and about 250 C for short periods. The 
cable has a high density polyethylene dielectric and a nom- 
inal overall outside diameter of 0.405 in. 

Consolidated Electrodynamics has recently announced a 
vibration pickup which operates at 500 F. Another Consoli- 
dated development is a water-cooled adapter for one of its 
pressure pickups which permits use of this type of trans- 
ducer at temperatures up to 2000 F. O00 
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Effects of Temperature 
on Magnetic Properties 
of Nickel-lron Alloys 


over temperature range -60 to +250 C 





Trade name 


Hipernik V* 
Hipernik 
Deltamax* 


4-79 Mo-Permalloy 
Supermalloy 
Hymu 80 





Composition 


characteristics 


Supplier 
Westinghouse Electric Corp. 
Westinghouse Electric Corp. 
Arnold Engineering Co. 


Arnold Engineering Co. 
Arnold Engineering Co. 
Carpenter Steel Co. 








J. F. FRITZ and J. J. CLARK 
Materials Engineering Department 
WESTINGHOUSE ELectric CORPORATION 
East Pittsburgh, Pennsylvania 


ENVIRONMENTAL REQUIREMENTS currently placed on elec- 
trical equipment are becoming more stringent. Thermal 
plague the design 
‘ o <aaatey "ae AAS LONE “PEG 
engineer.* Magnetic materials play a major role in elec- 
trical equipment, so the effect of temperature variations 
on their properties demands consideration. 


variations now specified especially 


Nickel-iron alloys are particularly important. Their 
unusually good magnetic properties (e. g., high permea- 
bility, low coercive force, and the “square” hysteresis 
loop of some) have permitted their wide application in 
transformers, magnetic amplifiers, toroidal cores, etc. 
However. these magnetic properties are temperature 
sensitive. 

Thus, if a magnetic device using nickel-iron alloys is 
to be used under varying ambient temperatures, changes 
in its characteristics must be anticipated. This study was 
undertaken to provide data for the design of new mag- 


*See “Electronic Materials and Components for Extreme Envirormental Prob- 
lems,”’ page 111, this issue. 
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netic devices and temperature compensation of existing 
designs. The six commercial nickel-iron alloys selected 
represent the compositions and processings most used. 
The test samples were toroids wound from 0.002-in. 
tape, with average dimensions of 2 x 114 x 14 in. Meas- 
urements were made by standard ballistic testing meth- 
ods; the magnetizing current was changed discontinu- 
ously, and the resulting flux change measured by a 
ballistic galvanometer used as a fluxmeter. At each test 
temperature (between —60 and +250 C) a normal mag- 
netization curve was determined and residual induction 
(B,) and coercive force (H.) were measured. The tests 
were first performed at intervals of increasing tempera- 
ture, then repeated at decreasing temperatures to deter- 
mine temperature hysteresis or aging of the materials. 
OO0O°0O 
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Effects of Temperature 
on Magnetic Properties... . 


“50-50” Nickel-lIron Alloys 


Hipernik V. Normal magnetization curves, Figs. 1-2, in- 
dicate that increasing temperature causes a decrease in 
the normal permeability for inductions above 2 kilogauss; 
i.e., a greater magnetizing force is required to produce a 
given induction as temperature increases. Increasing tem- 
perature also affects the way saturation is approached; the 
sharpness of the transition at the knee of the curve diminishes 
as temperature increases. Comparison of curves for —60 C 
in Figs. 1 and 2 indicates this “rounding off” of the knee 
is also a function of temperature cycling. Figure 4 shows 
that both saturation induction and remanence decrease as 
temperature increases; however, remanence decreases at a 
greater rate so that B,/B, (squareness ratio of static hys- 
teresis loop) also decreases as temperature increases, Table 
I. Figure 3 shows that coercivity increases with temperature, 
apparently reaching a maximum around -++-200 C; also 
that after one cycle of increasing and decreasing temper- 
ature, coercivity has increased. 


Deltamax. Behavior is similar to that of Hipernik V, as 
can be seen in Figs. 5-8. Increasing temperature brings 
about a decrease in permeability for a given induction 
(except for inductions below 2 kilogauss), the squareness 
of the static hysteresis loop decreases, as do saturation 
induction and remanence. Comparison of the curves for 
increasing and decreasing temperature direction also in- 
dicates a temperature hysteresis or aging. Figure 7 shows 
that coercivity increases as temperature increases, and 
appears te reach a maximum around -++-200 C. 


Hipernik. Two distinct regions of temperature variation 
of permeability appear: (1) a region in which permeability 
decreases with increasing temperature, and (2) one in 
which permeability increases. Furthermore, the transition 
from one region to the other appears to occur at one induc- 
tion for all the temperatures investigated (see Fig. 9). At 
this induction permeability is relatively constant for the 
temperature range investigated. The magnetic properties of 
Hipernik appear to be insensitive to the direction in which 
temperature is varied, or to the aging which may have 
occurred in the tests. However, unlike the above alloys, 
Hipernik shows decreasing coercivity with temperature in- 
crease, Fig. 11. 


Table | — Squareness Ratio (Remanence / Satur- 
ation Induction) for ‘50-50’ Nickel-Iron Alloys* 





Hipernik V Deltamax Hipernik 





Temp, 
deg C 


Temp, 
deg C 


Temp, 


deg C B,/Bs 


B,; ‘Bs B-/Bs 





—57 
—22 
+46.5 
+110 
+180 
+250 
+180 
+110 
+45.5 
—30 
— 60 


0.980 
0.950 
0.861 
0.697 
0.598 
0.554 
0.650 
0.768 
0.838 
0.879 
0.901 


—60 
—30 
+45 
+110 
+180 
+250 
+180 
+110 
+45 
— 30 
—60 


0.990 
0.989 
0.957 
0.869 
0.707 
0.592 
0.680 


— 60 
— 30 
+45 
+110 
+180 
+250 
+180 
+110 
+45 
—30 
—60 


0.683 
0.645 
0.588 
0.545 
0.431 
0.445 
0.474 
0.511 
0.590 
0.620 
0.660 





* Measurements taken in order of temperatures listed. 
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Effects of Temperature 
on Magnetic Properties . . . 


“80-20” Nickel-lron Alloys 


Mo-Permalloy. 
decreasing saturation induction, remanence, and coercivity 
with increasing temperature (Figs. 15-16). Table II shows 
that the squareness of the static hysteresis loop B,/B, de- 
creases as temperature is increased. Within the temperature 
range investigated, Mo-Permalloy is relatively insensitive 
to temperature hysteresis or aging. As in the case of Hiper- 
nik, Mo-Permalloy exhibits two regions of increasing and 
decreasing permeability as temperature increases; however, 
the regions are not too clearly defined (Figs. 13-14). From 
—60 C to around -+-110 C, at approximately 4.5 kilogauss 
induction, normal permeability is relatively constant with 
changing temperature; above -+-180 C this point is no longer 
well defined. Closer inspection at inductions below 4 kilo- 
gauss shows the normal permeability varying up and down 
irregularly as a function of temperature. 


Displays the normal characteristics of 


Supermalloy. Also displays decreasing saturation induction 
as temperature increases, but remanence rises to a maximum 
1-100 C and then decreases. The B,/B, ratio in 
+-100 C. Between —60 


around 
Table II also maximizes around 
and +20 C, coercivity decreases very sharply (Fig. 19) 
while the normal permeability increases rapidly (in Fig. 
17 compare —60 C curve with —30 C curve). Supermalloy 
also displays relative constancy of permeability at approx- 
imately 4.5 kilogauss between —+- 1-215 C. Both above 
and below this range (particularly between —60 and --5 
C), this point of temperature-stable permeability disappears. 
Below 4 kilogauss induction permeability varies irregularly 
with temperature. Neither the direction of temperature 
variation nor aging seemed to have much effect. 


5 and 


Hymvu 80. Both saturation induction and remanence de- 
crease smoothly as temperature increases (Fig. 24) but not 
at the same rate, so the squareness ratio also decreases as 
temperature increases (Table II). Increasing temperature 
causes the normal magnetization curves to intersect (Fig. 
21) and a region of temperature-stable permeability appears. 
around 5.5 kilogauss, above which permeability increases. 
This is not true, however, of the entire temperature range 
tested: the curves for +250 C and -+-180 C shift toward 
lower inductions for a given magnetizing force. The direction 
of temperature change has little effect on Hymu 80 proper- 
ties. 


Table 11 — Squareness Ratio (Remanence / Satur- 
ation Induction) for ‘“80-20” Nickel-Iron Alloys’ 





Mo-Permalloy Supermalloy Hymu 80 





Temp, 


Temp, Temp, rene - 
eg 


deg C Br/Bs deg C B,/Bs B,/Bs 





—60 0.570 —5$7 0.764 —57 0.858 
— 30 0.549 —22 0.703 —22 
+45 0.559 +46 +45 

+110 0.509 +110 +110 

+180 0.405 +180 +180 
+250 0.323 +250 +250 
+180 0.398 +180 +180 
+110 0.431 +110 +110 
+45 0.430 +45 . +45 
—30 0.447 —20 E —30 
— 60 0.419 —6i J — 69 





* Measurements taken in order of temperatures listed. 
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Design Factors 


Expanding-probe thermostat as 
applied to a domestic heating 
appliance, an electric skillet by 
Landers, Frary & Clark. Full 
adjustability, thermal  sensi- 
tivity and the removable feature 
are the main characteristics of 
the probe unit. 


in Thermostat Selection 


The present wide range of standard available forms of thermostat has created a 


selection problem for equipment designers. Type of contact operation, temperature 


differential range. mode of heat sensing, form of enclosure and cost are among the 


elements to be considered by the thermostat user. A logical approach is outlined 


for finding the combination of thermostat specifications most suitable for a given 


purpose. 


PAUL DAHLEN 

Application Engineer 

Tue Stevens MANUFACTURING Company, INc. 
Mansfield, Ohio 


EACH OF THE basic types of thermostat available to the 
machine and appliance designer has characteristics that 
fit certain applications but are unacceptable for others. 
All of the operating conditions, performance require- 
ments, cost and physical considerations such as space 
limitations must be considered in selecting among the 
types of thermostat. 
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Thermostat function is one guide to selection. There 
are four primary purposes served by thermostats: 

e Simple control to hold “constant” temperature by 
on-off cycling of heaters. 

e Proportioning control by which temperature is mon- 
itored by so using the thermostat that it controls the 
percentage of time of energizing of heaters. 

e Overheat protection in which the thermostat simply 
shuts off the power to a controlled device in the event 
of excessive heating. 

e Time delay action for opening or closing of contacts 
over a time cycle. 


ELECTRICAL MANUFACTURING 





Typical Thermostat Characteristics 





Type of thermostat 


Typical data 

contacts 

Resistive 13.3 amp 

Maximum UL-CSA‘’* load based on 
100,000 cycles of operation 


Inductive 6 hp 


120 volts a-c 


Minimum average temperature differential 2F 
not spec 


Maximum 550 
Calibration temperature ‘deg F) 
Minimum 20 


Maximum thermal range (deg F) 
Minimum calibration tolerance (deg F 


Adjustable or non-adjustable 


Switching arrangements 


Snap acting or creep-type contacts 


Hermetic seal 


*Canadian Standards Associaticr 
tNot to be specified by user 


For each of these. certain broad thermostat require- 
ments can be stipulated. For simple control, for instance. 
a narrow temperature differential is normally desired 
plus long contact life. For overheat protection, on the 
other hand, a thermostat need not be equipped with con- 
tacts having particularly long-life properties. The require- 
ments for a “thermostat” to be used for time delay pur- 
poses can become complex, since such units are generally 
required to produce their own heat and ambient com- 
pensation, and calibration provisions and thermal mass 
become critical design considerations. 

Some thermestats are designed for efficient reception 
of conducted heat, others to be responsive to radiant 
heat or te be sensitive to heat conveyed by air-flow con- 
vection. The mechanical configuration and design detail 
of the thermostat determines the mode of thermal sensi- 
tivity and is an important factor in selection for function. 
In general, the bimetal or other heat-sensing element of 
the thermostat sheuld be located close to the source of 
heat to be controlled. but such factors as a possible need 
for hermetic sealing. existing construction or space limi- 
tations often require a compromise. Thermostat location 
is one of the questions in thermostat application that 
ultimately must be resolved in any given design by 


Bimetal leaf type 


Creep-type 


120 volts a-c 


Expanding 
probe type 


Bimetal disk type 
Snap-acting 14 in. diam 1 in. diam 
contacts disk disk 


13.3 amp 
120 volts a-c 


13.3 amp 
120 volts a-c 


25 amp 
240 volts a-c 


4 amp 
120 volts a-c 


le hp V6 hp 


14 hp 
230 volts a-c 120 volts a-c 


240 volts a-c 


10 F 15 F 10 F OF 
not spec 


400 300 350 500 

20 —20 —20 —20 
200 . 500 
+10 F +5 F 


+5 F +10F 


both non adj. non adj. both 


SPST, SPDT 


manual reset 


SPST SPST 


manual reset 


SPST 


snap snap creep 


no yes yes no 


experiment and cooperation between the equipment de- 
signer and the thermostat manufacturer. 

In addition to location and selection of type for heat 
transfer characteristics, the equipment designer must also 
consider the highest temperature to which the thermo- 
stat will be exposed from the standpoint of suitability 
of materials employed in the construction of the ther- 
mostat. Excessive temperatures may anneal important 
springs, causing failure, which may also result from 
gradual deterioration of other parts because of high 
temperatures. 

In consumer product applications, thermostat cost, 
ease of assembly and Underwriters’ Laboratory approval 
may be determining factors in selection. For military use 
reliability, applicable government specifications such as 
MIL-E-5272 and such possible requirements as hermetic 
sealing may be the guiding considerations. Realism on 
the part of the equipment designer in setting specifica- 
tions has a strong bearing on cost and practicality. This 
includes the process of establishing the relative im- 
portance of various thermostat requirements. For in- 
stance, a slight reduction in load rating for a thermo- 
stat may permit the use of a smaller and lower cost 
unit without penalizing the performance of the con- 


Fig. 1—Bimetal leaf thermostats. Contact actions illustrated are positive (left), snap (center) and creep (right). 
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Adjusting stem 








Contact biade 
Bi-meta! 


Fig. 2—Diagram of positive-action bimetal leaf thermostat. The 


friction and movement between the insulator and the top 
contact blade produces positive opening and closing of the 
contacts. 


trolled equipment: a slight widening of the calibration 
tolerances or of the temperature differential may repre- 
sent a considerable economy in thermostat procurement. 

Contact Action. Any of the basic forms of thermo- 
stat may also differ in the type of contact action em- 
ployed, the fundamental contact types being designated 
as “creep’-action, snap, or positive-action, Fig. 1. In the 
creep-action switch, a contact is attached directly to the 
bimeta! actuator. This design offers narrow temperature 


Fig. 3—The positive-action bimetal leaf thermostat equipped 
with heater provides an adjustable proportioning control in a 
coffee warming stand by Cory. 
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differential and generally lower cost than other forms, 
but exhibits contact chatter (especially under vibration), 
“frying” of contacts with resultant radio interference 
noise, and poor contact life. 

Contacts with snap-action, a!though more expensive 
and characterized by wider temperature differentials, 
offer higher load capacities and resistance to vibration. 
Snap-action contacts generally exhibit the longest useful 


life under a given set of conditions. This form of contact 


action is generally favored for continuous duty applica- 


tions such as in water heaters and furnace controls. 

In the positive-action contact arrangement, the bimetal 
is purely an actuator and is not part of the electrical 
circuit. Mechanical friction occurs during the relative 
movement of the insulating button on the bimetal ele- 
ment and the contact blade when the thermostat is open- 
ing or closing. This friction produces a positive tempera- 
ture differential between the opening and closing of the 
contacts. Positive-action contacts are less susceptible to 
frying than the creep-action contacts and show a better 
contact life. 

The life of thermostat contacts. as with any switching 
device. is re'ated directly to the electrical load on the 
contacts. Inductive and d-c loads are the most arduous 
and will result in the shortest contact life. 

Almost all of the widely used appliance and miniature 
electronic application thermostats are based on one or 
another of three fundamental methods of heat actuation. 
Otherwise their individuality derives from size, load ca- 
pacity, location of heat-sensing mechanism, type of 
switching (i.e.. snap. positive acting, or “creep” action 
of the contacts) and type of enclosure (open, semi- 
enclosed or hermetically sealed). The three basic types 
of heat actuation are the bimetal leaf, the bimetal disk 
and the expanding case (or probe) thermostats. The 
accompanying table shows characteristics of certain of 
the standard thermostat types. 

Bimetal Leaf Thermostat. A long. flat piece of bi- 
metal mounted so that its bending due to heat causes 
contacts to make or break an electrical circuit is a 
bimeta! leaf thermostat. In some of these, the bimetal is 
fixed at one end and the other end accomplishes the 
operation, Fig. 1. In other units the bimetal is supported 
at both ends and the center performs the movement and 
does the work. The bimetal leaf type is one of the least 
expensive and most widely used appliance thermostats. 
version of this general class of 
thermostat is shown in Fig. 1 (left) and in Fig. 2. 


\ “positive action” 


In this form of thermostat the bimetal is placed in 
direct metal-to-metal contact with the controlled device. 
Since the bimetal itself is a relatively low-mass piece 
with good heat conductivity. the direct heat conducting 
path makes this thermostat extremely responsive to any 
thermal changes that may take place in the material or 
mass on which it is mounted, and provides excellent 
control and rapid thermal response. In typical applica- 
tions such as electric irons and _ skillets, the heat rise 
is usually rapid. resulting in some temperature over- 
shoot and in the contacts opening more widely than 
necessary. This enables the contacts to cool between 
operations, adding measurably to their service lives. 

In the positive-action leaf thermostat the bimetal is 
completely isolated, e'ectrically, from the contact circuit. 
This tends to eliminate any internal heating in the 
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thermostat element due to current in the bimetal and 
permits the unit to sense only the heat it is intended 
to control. 

A similar thermostat is the bimetal leaf with snap- 
action contacts, Fig. 1 (center). This thermostat has all 
the advantages of the positive-action type described. and 
has a wider temperature differential range because of 
the snap-action contacts. The differential range and the 
operating temperature are represented by separate con- 
trols in the snap-action unit, so that the former can be 
set at the time of manufacture to meet the application 
requirements. Typical differentials range from 15 to 100 
F. The adjustability and the fact that it can be made 
in a range up to 300 F are advantages of this form of 
thermostat. 

In one common form of bimetal leaf thermostat the 
bimetal element carries circuit current, Fig. 1 (right). 
Since the bimetal is electrically energized, it cannot be 
in direct contact with the metallic surfaces of the con- 
trolled device. Conducted heat, therefore, will be at a 
minimum and the unit will lag in responsiveness to con- 
ducted heat, being in some cases more sensitive to heat 
transmitted by other means. The second important char- 
acteristic may be objectionable or may be put to use: 
that is, the fact that circuit current develops heat in the 
bimetal. In many applications the inherent thermal lag 
of the isolated bimetal and its added heating due to cir- 
cuit current can not be tolerated. 

Since this type of thermostat inevitably has creep- 
action contacts with little or no temperature differential 
in operation, as soon as the contacts open and the heat- 
ing due to bimetal current is lost. the contacts tend to 
close again immediately if there is not sufficient residual 
heat present. The contacts will continue to open and 
close as long as the thermostat circuit is energized or 
until the residual heat exceeds the calibration tempera- 
ture. This cycling operation is advantageous in those 
applications in which the thermostat is employed to al- 
low constant current flow up to a certain temperature, 


after which it is desired to cycle and thus proportion 
the power to the circuit on a time basis. 
This proportioning principle of thermostat control can 


Terminals 


Contact 
return 
spring 


Contact ‘ 
—_ | 








Contacts 


/ 
Insulating / 
plunger 


Fig. 5—Diagram of bimetal disk thermostat. At the left, the 
bimetal is free of the insulating actuator plunger and the 


contact bridge is held against the contacts by the spring. When 


NOVEMBER 1958 


Contact 
bridge 


Fig. 4—Snap-action bimetal disk thermostats. At top left is a 
hermetically sealed, 2-6 deg F differential thermostat for crystal 
ovens; in the second position is another hermetically sealed unit. 
A semi-enclosed control for percolators is top right, and the 
large unit at bottom is a 1% in. diam high current capacity 
thermostat rated for 5000 watts, 250 volts a-e. 


be extended by the form of bimetal leaf unit shown in 
Fig. 3 in which a heater is attached directly to the bi- 
metal. Both the heater and the contacts are in series 
with the controlled load. The load current produces heat- 
ing of the bimetal element, causing the contacts to open 
and shutting off both the controlled load and the heater. 
The bimetal thereupon cools and the circuit is re-closed. 
Since the operating point of the thermostat is adjustable, 
the relative durations of “on” and “off” periods can be 
selected to give a flexible proportioning control. This 
proportioning form of control offers the advantages of 
providing an extremely even temperature at the desired 
point and of offering the possibility of remote mounting 
of the thermostat. A disadvantage for some purposes is 
that it is relatively insensitive to thermal! load—that is. 
to any variation in the mass of the controlled device. 
This may be objectionable in heating appliances that 
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Contacts 
\Bimetal disk in 
reverse curvature 


Insulating 
plunger 


the bimetal reaches its operating temperature, it snaps into 
reverse curvature, elevating the plunger (right), and thus open- 
ing the contacts. 





may carry varying quantities of contents, such as cook- 
ing vessels. 

Bimetal-Disk Thermostats. Various forms of bi- 
metal-disk thermostats are shown in Fig. 4. These all 
have snap-action contacts and are generally available in 
ranges of sizes and as automatically re-setting units for 
temperature contro] or as manually re-set devices for 
over-heat protection. 

In the disk form of thermostat, a temperature change 
causes a bimetal disk to snap “over-center.”’ As it snaps 
through center the disk depresses or releases a plunger 
that opens or closes contacts, Fig. 5. Since the thermo- 
stats are snap-acting and of bimetal construction, narrow 
temperature differentials are difficult to obtain. For in- 
stance, a unit 1% in. in diameter can be made with a 
minimum of 15 F average differential. The average dif- 
ferential is the difference between the nominal opening 
and the nominal closing temperatures of the thermostat. 
In a thermostat that opens at 100 + 5 deg and closes 
10 deg, the average differential is 15 deg. 

Most sizes of bimetal disk thermostats can be obtained 
in three different forms. One style uses an exposed bi- 
metal disk that affords maximum thermal response in 
air temperature sensing applications such as fan controls 
and high limit controls in furnaces. For protection from 
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contaminated atmospheres, an enclosed form of thermo- 
stat is employed, and for use in extremely wet or cor- 
rosive atmospheres the hermetically sealed form is 
available. 

The bimetal elements in the disk thermostats do not 
carry current and are isolated from the controlled cir- 
cuits, se that internal heating is not a factor. When used 
as motor protectors, disk thermostats are sometimes con- 
structed with small heaters under the bimetal disks. Con- 
nected in the motor circuit, the heater develops protector 
operating temperature only with abnormally high motor 
current. 

One of the newer bimetal disk thermostats available. 
Fig. 4 (top left), has snap-action contacts but the un- 
usually narrow temperature differential of 2 to 6 deg F. 
Since the bimetal disk is fastened directly to the housing 
of the thermostat, the unit provides good thermal re- 
sponse. The housing of this thermostat serves as one side 
of the electrical circuit. The hermetic seal of this unit plus 
its small size, snap-action contacts and extremely narrow 
temperature differential make it an ideal control thermo- 
stat for crystal evens, battery heaters and similar appli- 
cations, Fig. 6. 


(Continued on page 150) 
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Fig. 6—Crystal ovens with typical mounting of hermetically 
sealed snap-action narrow-differential thermostats. Left, Northern 
Engineering Laboratories: top center, Bliley Electric; bottom 
center, W. Gary Wright Electronics of Canada; and right, 
James Knight. 


Fig. 7—The bimetal leaf thermostat provides overheat protection 
for the main heating element while the %-in. bimetal disk 
unit insures accurate control of brew strength in a coffee urn 
(Enterprise Aluminum Co.). The wide temperature differential 
in the disk thermostat keeps the main heating element off as 
long as the warming element is energized. 
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Fig. 8—Expanding probe thermostat. As the heat-sensitive outer tube heats, it elongates. The ceramic center tube 
dees mot expand appreciably, and the spring-biased lower contact is permitted to move down, opening the circuit. 
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Plastics 

in 

Synchro Housing 
Design and Production 


Case history of the development of a cast epoxy plastics- 


housed synchro. Included are the advantages of such a 


Wound stator core (left) with 
attached and end-turns 
formed and laced. Next are 
porous giass-fiber _reinforce- 
ments and insulating disk with 
rotor and stator blocks mounted. 
Complete stator subassembly is 
in background. 


leads 


design, the materials used and the method of manufacture. 


ALVIN 8S. WEISS 

Project Engineer 

General Engineering Laboratories 
AmericaAN Macuine & Founpry COMPANY 
Greenwich, Cenn. 


THE PRODUCTION OF SYNCHROS is closely linked to the 
availability of highly skilled labor demanded by tedious 
hand-winding of stators and the meticulous machining 
and assembly of the stators, housings and rotors. Cost 
of these precision operations and the shortage of quali- 
fied labor combine to limit output and keep price rela- 
tively high. 

In recognition of these problems, the Navy Depart- 
ment’s Bureau of Ordnance commissioned American 
Machine & Foundry Company to develop an automatic 
stator winding machine and a cast-plastics housing for 
the synchro stater. Also, automatic equipment to cast 
5000 stators per week was proposed. This study is the 
documented solution to the cast plastics housing problem. 


Stator Winding 


The stator, of the type and size for which the winding 
machine was successfully built, has a cylindrical core 
11145 in. long, with a 15,4 in. bore. It is made up of 
punched laminations, 0.014 in. thick, bonded together. 
In a typical size 23TR6b stator, there are 15 skewed slots 
equally spaced around the inside wall of the core. Fifteen 
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coils, 90 turns each of No. 33 AWG wire, are wound 
directly into the slots, resulting in 180 conductors per 
slot. The complete automatic machine winding operation 
now requires 8 min as compared with an hour for hand 
winding. 


Plastics Stator-Housing Concepts 


In a typical metal-housed synchro the stator must be 
ground and honed and the inside diameter of the housing 
machined to precise dimensions. Dimension and concen- 
tricity tolerances are usually within 0.001 in., and stator 
housing fit tolerances are —0.0000 in. to +-0.0003 in. 
Mounting surfaces on the outside diameter of the hous- 
ing must be concentric with the inside diameter of the 
stator so that the rotor shaft will be concentric with the 
housing’s outside diameter after assembly of the synchro. 
Such care is necessary because the overall electrical ac- 
curacy is a function of the total mechanical accuracies. 

The development of a technique to eliminate working 
to such tolerances would greatly speed synchro produc- 
tion. This should result in real labor and material econ- 
omies. A properly selected plastics housing should offer 
excellent electrical insulation characteristics and good 
dimensional stability. It would be fungus and corrosion 
proof, would withstand considerable thermal and me- 
chanical shock without deforming, and could be color- 
coded for identification purposes. In addition there would 
inevitably be some weight savings. 








Fig. 1 
fitted over mold body at extreme left. 


Casting Methods and Fabrication 

Both vacuum and centrifugal casting for the housing 
were considered. Vacuum techniques were judged too 
cumbersome, being unsuited to continuous line opera- 
tion with a resin of short pot life. Furthermore. alter- 
nate cycles of breathing (drawing and releasing vacuum) 
to obtain good impregnation is a time-consuming pro- 
cedure; the process itself is basically a batch operation 
requiring one mold for each stator to be cast per batch. 
Accordingly, this method was discarded in favor of 
centrifugal casting which met the requirements imposed 
by resin viscosity, temperature, pot life. gel time. filler 
composition, and thixotropic tendencies. 

\ prefabricated plastics shell was given first con- 
sideration. This was rejected since it would have in- 


troduced problems of shell contamination, dryness, shel! 


preparation for proper bonding to the resin, lack of 
strength, dimensional inaccuracy. and probable difficulty 
in accurately positioning the core within the shell. 

The first practical approach therefore was to cast the 
housing to finished dimensions. This gave results within 
0.001 in. with good dimensional stability. However. the 
cost of molds and mold maintenance to sustain this high 
accuracy was felt to be excessive. The next step was to 
cast within standard tolerances and machine only the 
critical surfaces to finished dimensions. 


Reinforcements 

Since the nonreinforced resin was not strong enough, 
a development program was begun on porous. easily 
impregnated reinforcements. 

Nothing proved entirely suitable until glass fiber tub- 
ing was developed to the necessary specifications. It was 
fabricated on mandrels from braided glass cloth sleeving. 
built up to the required thickness and partially impreg- 
nated to produce a stiff. round, porous tube. This tubing 
had very good dimensional uniformity in wall thickness 
and concentricity. 

\ similarly constructed but separate flange was loosely 
fitted over this tube before casting. but under shock test. 
fracture occurred in the casting between the flange and 
tube. A satisfactory solution was found in a pressed-on 
interference fit of 0.003 to 0.005 in. between the flange 
and body tube. 
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Complete stator and mold assembly ready for centrifuge is shown in background. Separate parts (from left to right) are 


Fig. 2—Resin is poured into preheated mold spinning in cen- 
irifuge at 1700 rpm. 


Casting Resin Used 

The epoxy impregnating resin finally employed locked 
the opposing fibers together so that the flange withstood 
axial and transverse shock testing at 2000 ft-lb without 
cracking or separation. Furthermore, this test was per- 
formed at 50 C to determine whether failure might 
result from low-temperature brittleness of the resin. It 
was felt that with proper mold design and handling 
techniques, epoxy resins, with their superior physical 
characteristics, could be used successfully. 

The field of epoxy resins was entered cautiously, in 
expectation of mold release problems. The body of the 
first mold tried was made in three pieces. When. as a 
result of the use of the proper release agent and the 
shrinkage of the casting. it was found that this mold 
worked satisfactorily, a two-piece, split-body mold was 
built and tried successfully. The next step was to employ 
the present one-piece body, a cylinder from which the 
casting is pushed axially. 

A Shell Chemical Company Epon resin finally proved 
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Fig. 3--Process for casting plastics-housed synchro stators. 


to be the most suitable for meeting the requirements of 
the process. Epoxy resins shrink approximately 1 to 2 
per cent. but by compounding with fillers and allowing 
gelation to occur under centrifugal force the effective 
shrinkage of a 2-in. diam casting was reduced to ap- 
proximately 0.002 to 0.003 in. Dimensions of the final 
mold were established to compensate for this shrinkage. 


Mold Release Agents 

Many release agents were tried, including a silicone 
high-temperature grease which functioned quite well. At 
first the mold was difficult to disassemble because of a 
gradual film build-up on the surfaces. However, the 
mold was boiled in chlorinated solvents to degrade the 
film so that it could be scraped off. 

The release agent finally selected was a liquid silicone, 
Dow Corning Compound 20, diluted to a 15 per cent 
concentration in a mixture of equal parts of ethanol and 
xylol. It is ordinarily wiped on, but in production it 
could be sprayed on. There is little film build-up so 
approximately 30 to 50 castings can be made before 
cleaning the mold. One application of release agent is 
sufficient for 4 to 8 castings. It is also considered 
possible that a highly polished chromium finish on the 
further reduce the use of a 
release agent, but it has not yet been tried. 


mold might eliminate or 


The Casting Process 


The stator core assembly (shown at the head of this 
article) with the reinforcements, spacers, etc., is assem- 
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bled in the mold as shown in Fig. 1. The assembled mold 
is oven-heated to 175 F and then put into the centrifuge 
which has been preheated by infrared lamps. The resin 
dispensed by the mixing machine is slowly poured into 
the mold. as shown in Fig. 2, 
L700 rpm. 


while the mold spins at 


After pouring is completed, spinning is continued for 
a total of 10 to 15 min, during which time additional 
infrared heat is applied to insure gelling of the resin. 
The mold is removed from the centrifuge and further 
cured at 175 F for 20 min. The resin-hardener mixture, 
heat level, and heating time must be balanced so that 
hardening is neither so rapid that penetration is incom- 
plete nor so slow that it delays opening the mold. After 
disassembly the mold is lightly cleaned in preparation 
for the next cycle. 

The casting is then put into a 240 F oven to postcure 
for at least 2 hr. This high-temperature cure produces 
further polymerization and crosslinking of the resin, 
resulting in greater strength. The ultimate physical prop- 
erties of the resin are thus realized in just a few hours, a 
change which might require a week at room temperature. 

The present 2-hr mold cycle, illustrated in Fig. 3, 
allows 25 min for disassembly, cleaning, and reassembly 
of the mold. and an hour for preheating of the assembled 
stator and mold. Actually, mold handling and cleaning 
take only 5 to 10 min, and preheating time can be 
greatly reduced by raising the preheat temperature 
above 175 F. 
resin mixing and 


In automatized production, the 





Fig. 4—Resin metering, mixing and dispensing machine. Con- 
trol unit for automatic operation is mounted below. 


dispensing machine could be set up to deliver resin 
directly into the spinning mold. Also, since the rate of 
impregnation is influenced by the relative porosity of the 
reinforcements, an increase in their porosity would 
speed the pouring operation. In short, the present 2-hr 
cycle could be halved. Thus. with production based on 
a 1-hr cycle, 24 hr a day, seven days a week, the original 
quota of 5000 synchros per week could be realized with 
only 30 molds and one centrifuge. 


Resin-Mixing Machine 


Figure 4 shows the machine which automatically mixes 
and dispenses catalyzed resin in predetermined quantities 
on demand. It consists of a modified version of the H. 
B. Hardman Co. Triplematic pump, which automatically 
meters. mixes and dispenses measured quantities of two- 
part resins, and an AMF-designed and built.control unit 
to semiautomatize operation of the system. 

A single operation of the “charge” button causes the 
mixing machine to deliver a complete charge of mixed 
resin at the rate of 29 shots per minute. The machine can 
be set for the required number of individual shots (from 
1 te 20) per charge, and fer the amount of resin (from 
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1 to 20 cc) delivered per shot. Thus, the minimum 
charge is 1 cc (1 cc per shot, at 1 shot per charge) and 
the maximum charge is 400 cc (20 ce per shot, at 20 
shots per charge). 

The control unit is designed to prime the machine 
automatically on start-up and flush it on shut-down, as 
well as to prevent freeze-up of catalyzed resin in the 
mixing chamber by dispensing predetermined amounts 
of resin on a preset time cycle. 

An automatic resin mixing and dispensing system 
offers several advantages. It can be operated by un- 
skilled personnel and provides excellent uniformity and 
quality from one charge to the next. It also reduces the 
amount of resin wasted and delivers the required amount 
of resin immediately. 

Finishing 

With the cast plastics-housed stator, all internal grind- 
ing is eliminated. A 1- or 2-min honing operation brings 
the inside diameter to the required dimension. 

The casting is then placed on a mandrel in a lathe 
where the flange and mounting areas are machined con- 
centric with the inside diameter. The rest of the outside 
diameter remains unmachined because, as cast, it is to 
the specification tolerance of 0.005 in. 


Assembly 

The use of a cast housing greatly simplifies synchro 
assembly procedure. Whereas the conventional stator 
core must be accurately fitted into a precisely machined 
metal housing, this operation is eliminated entirely in the 
plastic-housed synchro. Figure 5 shows a cross-sectional 
view of a completely assembled synchro. 

The mounting diameters for the synchro are machined 
directly on the external plastics surface, concentric with 
the inside diameter of the core. A through-bore design is 
used so that the bearings for mounting the rotor may seat 
directly on the honed inside diameter of the stator core. 
This design results in maximum concentricity between 
the rotor shaft and the synchro mounting diameters. It 
a'so eliminates the compounding of eccentricities and fit 
errors between the housing’s outside and inside diame- 
ters. the core diameters. as well as the end-cap outside 
diameter and bearing seat inside diameter at both ends. 


Testing 

To evaluate the dimensional stability of a completely 
cured casting, a thermal shock test was devised. The 
casting was measured with a micrometer and put into a 
dry-ice bath (—60 to 
then plunged into boiling water and maintained at this 
temperature for several hours. After being cooled to 
room temperature the casting was measured again. Di- 
mensions varied no more than 0.0004 in. from the initial 
readings and there was no cracking of the resin. 

These epoxy plastics synchros have passed all tests in 
Military Specification MIL-S-12472, which includes 
temperature and humidity cycling, thermal and mechan- 
ical shock, corrosion and fungus resistance, 1500 volt 
a-c hipot test, and temperature rise under load. Com- 
parison tests have shown that heat dissipation (as 
measured by heat rise under load) from an epoxy- 
housed synchro is equally as geod as that from a unit 
fabricated in the conventional manner. Electrica! ac- 


-70 F) for several hours. It was 
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Fig. 5—Cross-sectional views of completely assembled synchro; 
metal-housed unit at left, plastics-housed at right. 


curacy was checked before and after all tests, and per- 
formance equalled or exceeded metal-housed synchros. 


Conclusions 


It is quite possible that further economies in the 


present materials and processes may be accomplished 
without affecting synchro performance adversely. For 
example, the number or quality of the glass-fiber re- 
inforcements, particularly the bearing seats, may be 
reduced or perhaps eliminated entirely. The assembly of 
the terminal blocks and brush mounting segments can 
certainly be further simplified. Design simplification 
should result in a worthwhile reduction in parts and 
labor. as well as machining and assembly operations, 
with resulting economies. 


It should be pointed out that the plastics housing 


discussed represents only the first move toward improvea 
synchro design through the use of new materials and 
techniques. One of the reasons for the success of this 
program was the proper formulation of a resin contain- 
ing suitable fillers and modifiers to obtain characteristics 
compatible with the casting process as well as with test 
specifications for the finished product. Consideration had 
to be given to such factors as proper pouring and im- 
pregnating viscosity, reduction of shrinkage, suitable 
hardness and dimensional stability, adequate heat distor- 
tion point, machinability. electrical insulation character- 
istics, and resistance to physical and thermal shock over 
a wide temperature range. The judicious use of glass- 
fiber reinforcements imparted additional stability to the 
castings and greatly improved strength and shock resis- 
tance. The centrifugal casting process utilized in this 
operation has demonstrated that castings can be made 
with a reproducibility of +0.001 in. 

The whole process—automatic stator winding, plastics 
impregnation with cast plastics housing—can apply to 
synchros, servo motors and fractional-hp motors. 

It is conceivable that, in the future, magnetically 
permeable fillers can be compounded and molded to 
produce a core to replace the present iron or steel 
laminations. This would eliminate expensive materials, 
stamping dies, machine tools, and labor in preparing 
stator cores. 

The rotor core might also be produced in this way. 
It might be possible to wind the rotor coils on a dummy 
form and embed them in a plastics material. These 
techniques would produce a completely plastics synchro, 
rotor and stator, which would eliminate corrosion 
problems and result in a virtually indestructible, trouble- 


free unit. O00 


References in ELECTRICAL MANUFACTURING 
“Processing Systems for Optimum Design Use of Casting Resins,” 
W. A. Gammel, Sr., September 1958, p 80. 


“Epoxy Embedded Circuits and Components,” 
April 1955, p 74. 


Alex E. Javitz, 





Duty-Cycle Motor Selection 


(Continued from page 105) 





Try same motor, only made in NEMA Design D (8 to 
13 per cent slip) using Eq (6). 
ATiag = 20.7 X% 1.7 4 70.2 = 35.3 + 37.0 = 72.3 C 
1.9 
In this case, therefore, it will be proper to use a 5-hp, 
1800-rpm, NEMA Design D (5 to 8 per cent slip). 70 C 
rise, duty special, with Class B insulation, frame 215. 

If. after trying the low and high slip designs, the 
temperature is still in excess of the allowable for avail- 
able insulating materials. the next frame size should be 
tried. If this fails to show improvement, a special motor 
design is necessary and a motor manufacturer should be 
consulted. 
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There are several design modifications which can be 
provided to reduce the temperature rise of a motor on a 
duty cycle. They include: auxiliary ventilation, reduced 
rotor inertia, deep bar or double cage rotor construction, 
extended rotor bar construction, ventilation passages 
through rotor and stator, and enlarged ventilation fans 
and passages. These special features should be avoided 
where possible since they materially increase the cost 
of the motor. 

Summary. Select for calculation the lowest priced 
or most readily available motor (generally NEMA De- 
sign B) which matches the torque and effective horse- 
power requirements. Determine expected temperature 
rise from Eq (5). If the second term is larger than the 
first and the temperature rise exceeds the allowable, try 
a higher slip motor of the same horsepower and frame 
size using Eq (6). If this fails, try the next frame size. If 
still further improvement is necessary, a specially de- 
signed motor is indicated. OO0°O 
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Design Factors in Thermostat Selection 


(Continued from page 144) 





In both the hermetically sealed and the open types. 
the bimetal disk is a low mass conductive element and 
is placed in direct contact with the metallic case of the 
thermostat. This type of thermostat therefore produces 
excellent thermal response whether suspended in air or 
mounted directly on a surface, Fig. 7. 

Probe Thermostats. Although it is one of the most 
recent additions to the thermostat field, the expanding 
probe unit (Fig. 8) has become widely used in the kitchen 
appliance field. The skillet shown in the illustration at 
the head of this article is a typical heating appliance 
application of this form of thermostat. The skillet design 
demonstrates the advantages of one feature of the probe 
thermostat that has contributed markedly to its popu- 
larity; that is, it can be removed from the controlled 
appliance by the user and it still provides good variable 
temperature control in use. The removability is advan- 
tageous with domestic appliances such as the skillet for 
ease in washing the vessels. 

The probe thermostat employs the principle of differ- 
ential expansion rather than a laminated bimetal element. 
The heat-sensing element (the outer shell of the probe, 
Fig. 8) is relatively high expansion material having good 
heat conductivity. Through the center of the hollow ex- 
panding probe is a push rod exhibiting lower expansion 


characteristics with rising temperature. The push rod 
opens and closes electrical contacts in response to the 
expansion of the outer shell with temperature change. 

The switch used in the probe thermostat employs creep 
action contacts, and offers a very narrow temperature 
differentia! 
close temperature control. To offset the reduction in con- 


less than 1 deg F—which is reflected in 
tact life caused by rapid and frequent operation of the 
thermostat, contacts can be used that are arc-quenching 
and non-sticking. This materially extends the life of the 
thermostat. 

The probe thermostat is available with corrosion- 
resistant housing for immersion applications, and is also 
made with pipe thread nipple for sealed mounting in 
tanks and enclosures for liquids. 


Enclosure. The three generally employed forms of 
enclosure for thermostats are open, semi-enclosed and 
hermetically sealed. Ambient and environmental condi- 
tions that will surround the device in actual use will 
determine the choice of enclosure. The hermetically sealed 
units are employed in corrosive and dirty atmospheres or 
at low temperatures that may result in condensation. 

Internal heat is developed in a thermostat due to cur- 
rent through contacts, contact support members and 
terminals, and this heat in combination with the degree 
of enclosure of the unit must be considered in each appli- 
cation. In many thermostat systems internal heat is de- 
sirable, such as in motor protectors in which the internal 
heat is actually augmented by the use of an auxiliary 


~ 


heater. 





Techniques of Cooling Electronic Equipment 


(Continued from page 87) 





Design Notes on Radiation. Although the thermal 
circuits in densely packaged electronic equipment are 


complex, approximate radiation calculations may be 
made. There are several design principles which may be 


used to advantage and which should be kept in mind: 


e At high temperatures the heat transferred by radiation 
may exceed that transferred by convection. Thus, radiation 
can be an important mode of heat transfer. 

e For maximum heat transfer by radiation, “black” sur- 
faces must be used. This should not be interpreted to mean 
that all surfaces should be painted black. Some judgment 
must be exercised. For example. electron tubes should not 
be painted black because the emissivity of glass at tempera- 
tures as low as 100 C is equal to that of the best black paint. 
With increasing temperatures the emissivity of glass be- 
comes slightly greater than that of the paint. 

e For a given difference between radiating and receiving- 
surface temperatures, the higher the level of temperature, the 
greater will be the radiant heat dissipation. This situation 
is expressed by the radiation law which states that the heat 
transferred is proportional to the difference, in the fourth 
powers, of the absolute temneratures. 

e Uncontrolled radiation can cause impaired reliability. 
It is desirable to protect temperature-sensitive, or low-tem- 
perature-rated parts. from overheating due to their prox- 
imity to higher temperature heat sources. Hence, low-temper- 
ature parts must be located so that they are not contiguous 
to these sources, or radiation shields must be used. Highly 


150 


polished sheet-metal shields placed between such parts can 
be very effective as radiant heat barriers. The shield should 
be polished on both sides. Because perfect reflectors do not 
exist, it is desirable to bond the shield to the case or chassis 
thermally in order to provide a good conductive heat path. 
One of the best reflectors of long infrared radiation is pol- 
ished gold, with a reflectivity of the order of 98 per cent at 
5 microns. Polished silver and aluminum are also good 
reflectors. Chromium is less efficient because of certain 
absorption bands in the infrared spectrum. If a chromium 
surface must be used, it is recommended that chrome alumi- 
num be utilized rather than pure chromium. All reflectors 
must have polished and smooth outer surfaces. Transparent 
coatings such as clear lacquer are not recommended for use 
on reflecting surfaces. The reflectivity of such coatings is 
very low (high emissivity) and the efficiency of the reflecting 
surface will be impaired. 

@ Placement of parts in an electronic assembly to provide 
maximum radiant heat dissipation requires careful consid- 
eration. For example, a tube surrounded by other tubes could 
dissipate little radiant heat with a consequent higher tem- 
perature rise than its neighbor. There may be occasions 
due to assembly limitations wherein a certain part must be 
given special treatment to provide adequate cooling. O O O 
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Reliable Electrical Connections 


onference 


Tue Tuirp ConrereNceE on Reliable Electrical Connections, sponsored 
by the Electronic Industries Association, will be held at the Statler- 


Hilton Hotel in Dallas. Texas, December 


2.3 and 4. A feature of the 


conference will be the absence of the formal delivery of papers. Instead. 


all of the papers have been prepared in advance and are being bound 


in one volume to be sent to those who are registered to attend the 
meeting. The conference itself will then be limited to discussion of the 


papers. There will be no publication of the discussion. General Chair- 


man of the conference is R. 


Syracuse 4, N.Y. 


Roesch, 1068 S. 


George 


Clinton St.. 


The editors have selected the following six papers as samples of 


those to be discussed at the conference: 


Contacts for Electrical Connectors, MM. 
Allen Champlin, Senior Test Engi- 
neer, Electrical Connector Section, 
Engineering Laboratory,  Scintilla 
Div., Bendix Aviation Corp.. Sidney, 


NY. 


Since July of 1949, primary control 
of the design and performance of con- 
tacts for AN connectors has been in- 
MIL-C-5015. 
The requirements of the specification 
have been changed periodically to keep 
pace with advancements in the field 
and with changes in the needs of users. 


cluded in’ Specification 


Discussed here are the requirements 
of MIL-C-5015 and results that have 
been obtained in laboratory testing in 
accordance with the specification. In- 
cluded are tests for contact resistance, 
engaging and separating forces, test 
prod damage, durability of both pin 
and socket contacts, shock and vibra- 
tion, and dynamic contact resistance. 
Comparative figures of engaging and 
separating forces obtained with various 
designs of socket contacts are also 
given. The different types tested in- 
clude a leaf design and 
Inconel, or steel clips. 

Tests have also been conducted to 
find substitutes for the beryllium copper 
normally used as the base metal from 
which socket bodies are machined. 
These include tenic copper and brass. 
Considerable work has been done to 
provide suitable contact plating for 
high-temperature applications. 


bervllium, 


Application and Reliability of Connect- 
Disconnect Plugs, |. G. Rabbin, Super- 
Field 


Engineering 


visor of 


Field 


Support Planning, 
Dept.. North 
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American Aviation, Autonetics Div.. 


Downey. Calif. 


\ measure of balance must exist be- 
tween reliability and maintainability. 
Plugs and connectors play a role in 
serving both these functions. Proper 
application of these components can 
enhance the maintainability of elec- 
tronic equipment and add only a small 
degree to the equipment unreliability. 
Further reductions of failure rates of 
connect-disconnect plugs can be con- 
sidered in the light of present informa- 
tion. 

In a typical system, connectors con- 
tributed only 2.2 per cent of the failures 
encountered in 1,000,000 hr of opera- 
tion. Compared to this, potentiometers 
contributed 28.25 per cent of the fail- 
ures while tubes and transistors were 
responsible for 2.71 per cent. By prop- 
erly weather-proofing connectors that 
are exposed and by proper handling to 
prevent mechanical damage, the failure 
rates for connectors could be further 
reduced. 


Environmental Parameters for Fixed 
Connections, Alvin B. Kaufman, Chief 
Development Engineer, Arnoux Corp., 
Los Angeles, Calif. 


The effects of various types of environ- 
ment on soldered connections are dis- 
cussed. Problems encountered at tem- 
peratures as low as —140 C and as 
high as +315 C are included. The 
soldering of thermocouple wires pre- 
sents special problems. Many of the 
standard soft solders and other high- 
temperature 
adequate for such purposes. 


alloy solders are in- 


The compatibility of solder with 
liquid oxygen, humidity, and salt spray 
is covered as are such mechanical 
properties as tensile strength, Brinell 
hardness, elongation and torsion, bend- 
ing, and compressive strengths. 


Behavior of Soldered Joints in Printed 
Circuits under Vibration, A. T. Hamill, 
Manager, and W. W. Broache, En- 
gineer, Materials and Process Sec- 
tion, Air Arm Div., Westinghouse 
Electric Corp., Baltimore, Maryland. 


In airborne electronic equipment, vi- 
brations transmitted to printed circuit 
boards cause flexure of the boards 
and present considerable difficulty in 
maintaining reliable solder connections 
on the boards. A test program has 
determine the 
mechanism of these failures and to 


been carried out to 


establish standards and conditions to 
prevent them. 

A test board was devised so that a 
series circuit could be made through 
10 soldered “feed-through” 
tions on the board. Dummy components 


connec- 


were soldered to the circuit. During 
vibration, current was passed through 
the circuit and monitored on an os- 
cilloscope so that any open or inter- 
mittent joint could be detected. Test 
boards were vibrated at a 50 g level 
measured at the center of the board for 
14 hr at a frequency of 80-100 cps. 
The direction of vibration was normal 
to the board. 

The most important development re- 
sulting from the tests is that large 
fillets of solder improve the flexure life 
of joints where eyelets are used. This 
means that hand soldering is preferred 
to dip soldering since the amount of 
solder deposited can be controlled. 
There is also evidence to indicate that 
the elimination of eyelets (the com- 
ponent lead acts as a through connec- 
tion) is advantageous. 


Designing Reliability into Electrical Con- 
nections, W. F. Bonwitt, Chief En- 
giner, and H. P. Dupre, Engineering 
Manager, Omaton Div., Burndy Corp., 
Norwalk, Conn. 


The reliability of an electrical con- 


(Continued on page 318) 





























Rugged Adjustable 
Speed Drives Use 
Magnetic Amplifiers 


V. W. PRESS and W. R. JONES 
Bepco Canapa, Ltp 
Montreal, P.Q 


IN ADAPTING VARIABLE speed drives to 
machines requiring power in the frac- 
tional hp range it was found that mer- 
cury are rectifier controls were satis- 
factory in performance but tended to 
be prohibitive in cost, since the small- 
est generally available rectifier bulb 
has an output suitable for use with 
motors of up to 10 hp. 

In connection with the control of 
mercury are rectifiers, a range of mag- 
netic amplifiers had been developed 
and it was found that for horsepowers 
within the range 0.5 to 2.5 a similar 
magnetic amplifier could be designed 
which would provide the power source 
as well as the control means. thereby 








} 

a 

* ea 

Sees © 
Speed setting 

rheosto' 


wee! \t-_ 


@] —h-) fe] gd, | Bh 


eliminating the need for the grid- 


controlled mercury are rectifier bulb. 

This form of drive was eventually 
standardized and is now known as the 
Varimag: adjustable speed drive. The 
Varimag drive comprises a d-c motor 
(usually of the shunt wound type) 
having its armature fed from a mag- 
netic amplifier with d-c output and its 
field supplied separately by a selenium 
rectifier, usually at constant voltage. 
The equipment is designed to operate 
from a single-phase 60-cycle a-c supply 
and provide a speed range of 20/1 
against constant torque by means of 
armature voltage variation. A_ circuit 
diagram of a typical Varimag drive 
is shown in Fig. 1. and it will be 
seen that the speed is controlled by 
means of a small potentiometer which 
provides a reference voltage balanced 
against a proportion of the armature 
voltage. Any error between the two 
quantities is applied to the control 
magnetic amplifier 
means of its high gain. 


winding of the 
which, by 
would hold the armature voltage at 
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Fig. 1—Typical circuit diagram of “Varimag” drive. (Bepco 
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a level value were it not for the ad- 
ditional windings carrying the arma- 
ture current, which provides a com- 
pensation for the armature /R drop 
and hence a level speed. Standard 
equipment of this type has been ap- 
plied to 
tools and wire processing machines, 


small conveyors, machine 
and Fig. 2 shows Varimag units ap- 
plied to a wire tinning machine. 
For some specialized drives, such as 
the traverse motion on a highly ac- 
curate machine tool, it has been nec- 
essary to provide equipment having an 
even better performance, and speed 
ranges in the order of 150/1 have been 
obtained. The magnetic amplifier has 
a high inherent short-time overload 
capacity and advantage is taken of this 
to overcome the high starting and ac- 
celerating torques required for this 
type of machine. Current limitation is 
provided so that in the event of a 
fault on the driven machine the torque 
will be limited to a value unlikely to 
drive. The 
Varimag drive may be switched di- 


damage the mechanical 










Fig. 2—Wire tinning machine powered by eight “Varimag” 
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Fig. 3—Simplified circuit diagram of “Nevimag” drive. (Bepco 


Canada Ltd.) 
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curves of typical 


rectly “on” at any speed setting, 01 
at any torque up to full load in the 
case of the standard drive, and to sev- 
eral times full load in the case of the 
specialized drive. Where necessary, re- 
versing, inching and crawling can be 
provided. 

The robust nature of the equipment. 
coupled with the fact that it is en- 
static, lends itself to installa- 
tion on all types of machines required 
to run at variable speed, needing 
power up to 214 hp, and where a high 
standard of reliability is essential. For 
onerous site conditions the complete 
control can be oil-immersed. 

Similar magnetic amplifiers have 
been developed for use to supply the 
generator fields for Ward Leonard 
drives. Im these systems, knewn as 
Nevimag drives for power requirements 
up to 10 hp, the magnetic amplifiers 


tirely 
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Fig. 5—“Nevimag™ drive control unit, 5 hp. 


replace the exciters and regulators of 
the conventional Ward Leonard gen- 
erators. The armature voltage of the 
adjustable speed motor is compared 
with a reference voltage and applied 
to the magnetic amplifier in a man- 
ner similar to that described for the 
Varimag drive. A simplified diagram 
of the Nevimag drive is shown in 
Fig. 3. 

Close regulation of speed from no 
load to full load is obtained from 
these drives with a speed range in the 
order of 40/1. A typical speed/load 
curve is shown in Fig. 4. One of the 


features of the Nevimag drive is the 
ability to adjust the equipment so that 
the closest accuracy for minimum reg- 
ulation can be obtained at any selected 
running speed. 

Provision for reversing and dynamic 
braking can be provided when re- 
quired, and adjustable current limita- 
tion is fitted as a standard feature. 
In common with all Ward Leonard 
drives it has the ability to regenerate 
when speed is reduced or the motor 
A typical Nevi- 
mag equipment is shown in Fig. 5. 

egy ge 


is being overdriven. 





Constant 
Current Source 


PROBLEMS ENCOUNTERED in standard 
cells due to extreme temperature varia- 
tions can be avoided by the use of 
a new constant current source devel- 
oped by the Daystrom-Weston Division 
of Daystrom, Inc., Newark, N. J. Call- 
ed a “D-Pak,” the unit is adjusted to 
an initial accuracy of 1/20 per cent 
and has a susceptibility of less than 
1/1000 per cent to line voltage 
changes. 

A standard a-c voltage input is step- 
ped down, rectified, filtered and regu- 
lated in two zener diode stages. The 
effect of temperature change is con- 
trolled through compensation for the 
known temperature coefficient of the 


zener diodes. Ambient temperature 
changes affect the output less than 


1/500 per cent per deg F. O00 


Small constant current source, approx. 
3 x 3 x 6 in. utilizes zener diodes to pro- 
vide accuracy of 1/20 per cent. 
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DESIGN TRENDS 





Test Duplicates 
Re-Entry 
Heating Problem 


ULATE IN THE LABORATORY the 


same heat cycle as would be encoun- 


To SI\ 


tered by a missile when re-entering the 


atmosphere, Cannon Electric Company, 
Los Angeles, has revised the Heat Flux 
illustrated. The unit (Fig. 1) 
directs a near-instantaneous burst of 
radiant heat at a test sample in a con- 
trolled manner that closely follows the 


Tester 


input curve of heat to the aerodynamic 
surface of a nose cone upon re-entry. 

Recent heat flux tests of a Cannon 
multi-contact connector required the re 
ceptacle to withstand this high-heat 
This explosive dis- 
under heat 
cycle tests in Figs. 2 and 3. is used 


cycle for 37 sec. 


connect device. shown 


Fig. 1- Test setup in Cannon Electric Company environmental test laboratory for 
simulating heat of missile re-entry. Control of cycle is by X-¥ plotter at left. 


issile cone nose connector ready 
lux test. 


Fig. 2- 
for he: 


> 
glass-rein- 
evaporates 


henolic plastic in 
nnector dielectric 
‘ant heat blast. 


_ » 
Fig. % 
forced 
under 


for nose cone separation, The conduc- 
tors and the insulation in which they 
are embedded must stand a tempera- 
ture of over 1100 F without having 
the electrical integrity degrade to fail- 
ure by shorting out. 

Radiant heat is generated by 15 
quartz rod lamps arranged horizontally 
one above the other in a water-cooled 
rack. These lamps apply heat to the 
test sample at rates up to 40 Btu/ ft?/- 
sec and reach maximum temperature 
in 10 sec. Heat is focused on the con- 
nector sample by a paraboloid mirror 
constructed of hollow copper for wa- 
ter cooling and plated with 24-carat 
gold over nickel. An intricate plumbing 
system is required to pipe coolant to 
the mirror and to the contact terminals 
of the lamp. 

Control of the heat cycle is through 
an X-Y plotter in which the heat pro- 
file desired is drawn with a conductor 
ink on the A servo follower 
traces the line and modulates the 
power input to the lamps through a 


paper. 


modified resistance welder controller 
employing Ignitron power tubes. Heat 
received at the sample is read off on 
a potentiometer-type recorder. 
Glass-filled have been 
found satisfactory as a connector di- 
electric in this test. During the heat 
cycle the organic material completely 
leaving the glass fiber re- 
without char to 
leakage. Connector 


000 


phenolics 


evaporates, 
inforcement intact 
cause electrical 


passes resistance test. 


Gas Damping 
Extends 
Temperature Range 


By usinG Gas rather than oil as a 
damping agent. the temperature range 
of the military-type accelerometer jl- 
lustrated has been extended to limits 
of —65 and +200 F. The need for a 
heater jacket is thus eliminated. The 
new principle permits accurate meas- 
urement of acceleration changes flat 
up to 500 cps. Available in ranges from 
+5 to +50 g, the device will sustain 
accelerations three times its range. 
Accelerometer is approximately 3% 
in. long and is made by Statham In- 
struments, Inc., Los Angeles, Calif. 
o00°0 
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Fluted Shafts 
for Cooling 
Rotary Machines 


LEON R. LEASE 

D. W. Onan & Sons, Inc. 
Minneapolis, Minn. 

JOHN H. KUHLMANN 
UNIVERSITY OF MINNESOTA 
Minneapolis, Minn. 


HIGHER OUTPUT FROM rotary electrical 
machines of given dimensions can be 
obtained by employing higher conduc- 
tor current and magnetic circuit flux 
densities. Both of these expedients lead 
to higher losses that appear in the form 
of heat. In order to avoid excessive 
temperatures, increased exposed area 
of windings and core must be provided 
in the machines. 

Shafts must be rigid to resist me- 
chanical and magnetic banding and 
torsional forces. On small diameter 
machines it is often difficult to provide 
ventilating passages between the shaft 


Fig. 1 


and rotor core when using solid shatts. 
\ cast fluted shafi was tried to provide 
the desired cooling, with excellent re- 
sults, and the question arose as to the 
most economical form for fluted shafts 
for small machines. 

An experimental generator having a 
rating of 5000 watts, 28.5 volts d-c at 
3600 rpm, made by D. W. Onan and 
Sons. Inc., was used for the investiga- 
tion of shaft design and temperature 
rise effects, Fig. 1. Channel spacers 
were formed of sheet steel and welded 
to the shaft to give the desired fluted 
shaft, Fig. 2. The fanning action of the 
end turns on the drive end of the rotor 
draws air under the commutator, the 
stack and through the copper end 
turns. Temperature rise tests on the 
machine indicated that armature cur- 
rent densities of over 4000 amp/sq in. 
may be used without producing ex- 
cessive temperature rise. This form of 
fabricated shaft. in addition to being 
effective in producing the desired cool- 
ing effect. is light in weight, rigid in 
both torsion and bending. and is readily 


manufactured. < 


Experimental generator with fabricated fluted shaft used for temperature 


comparisons. (D. W. Onan & Sons, Inc., Minneapolis, Minn.) 


Drive plate 


weided 


Commutotor 


Wosher 


Fig. 2 
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shoft 


Channel spacers 
(spot welded to shoft) 


Generator assembly using fabricated shaft. 


Testing 


Solderless Terminal 
Versatility 


B. B. BASCHKIN 
Omaton Dit 
Burnpy Cort 
Norwalk. Conn 


solderless 
lugs or terminals are set forth by 
Military Spec T-5042 for terminals 
used with copper aircraft type cable. 


RiGip REQUIREMENTS FOR 


In specifying testing procedures to 


assure rigid mechanical as well as 
electrical performance of these con- 
nectors. a series of tensioning require- 
ments has been established based on 
the cable area. In actual application. 
it has been found that mechanical re- 
quirements such as vibration and twist- 
ing. as well as tension itself, can be 
most readily correlated and simplified 
for test purposes in terms of controlled 
tension standards. Furthermore, a 
sound mechanical connection can be 
related to the electrical per- 
formance of the termination. 

Figure 1 shows the plot, on a semi- 
log scale, of the tension standards of 
MIL-T-5042 as a function of the cable 
area. The cable area axis was based on 
the actual cable area in circular mils: 
however. for simplicity in interpreta- 
tion, the AWG size has been used. The 
standards cover a cable range from 
Nos. 22 through 4/0 cable. 

\ detailed 
ducted at Burndy Corp. to determine 
a total range of cable area application 
for the Hylug type of terminal. In 
essence, the problem was one of deter- 


closely 


investigation was con- 


mining the scope of coverage beyond 
the limits of immediate design and 
function. 

The following controls were estab- 
lished to eliminate variables in the 
testing procedure. 

1. All cable installations were made 
with standard recommended installa- 
tion tooling. the tooling being related 
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Fig. 1—Tension standards per MIL-T- 
5042 as a function of wire size. 
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Fig. 2 a” testing purposes, variations 
in area \ fre introduced by removing 
strands froja cable. Here a No. 10 cable 
is compare 4 with one from which 75 per 
cent of the! strands have been removed. 


to the ter.ainal only and not to any 
variations of cable area. 

2. All cables were standard copper 
aircraft cables, with variations in area 
introduced by removing a_ specified 
number oj strands from the 
Thus, a series of arbitrary cable stand- 
ards was introduced, with smaller and 
smaller caple areas resulting from the 
more and more. strands 
from the original cables. Figure 2 
shows a No. 10 cable compared with a 
cable from which approximately 75 
per cent of the strands have been 


cable. 


removal of 


removed. 

3. Testing was confined to the six 
cables inc!uded in the range from No. 
10 up to and including No. 1, which 


represents a good sampling of the 


Cable size, AWG No 


——+ to + } > ¢ 4 
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Fig. 3—Plet of No. 1 terminal. Minimum 
cable range 65 per cent. 








Cable size, AWG No 


O 200 400 600 800 1000 i200 400 
Tension , 1b 


Fig. 4—Plot of No. 2 terminal. Minimum 
cable range 5@ per cent. 
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more popular cable sizes in the origi- 
nal equipment and associated markets. 

The results of the tension testing 
were correlated against the actual net 
cable area, in circular mils, and plotted 
against a section of the basic tension- 
area curve (see Figs. 3 through 8). 
Here again. the “Y” axis, originally 
calibrated in circular mils of cable 
area, shows the AWG scale. The max 
imum range was established whenever 
the test curve intersected the standard 
tension curve. Any section of the test 
curve to the “right” of the standard 
curve covers values in excess of milli- 
tary specification; any section to the 
“left” of the standard curve is below 
the specification. 

For example, a closer evaluation of 
the plot of No. 1 terminals with de 
cable “break- 
through” with the standard curve at 
an AWG point about midway between 
No. 2 and No. 4 cable. The actual test 
tabulations recorded for this terminal 
size are shown below. 


creasing areas shows 


Net cable area, Tension. 


cm lb 


81.100 1.326 nominal No. 1 
cable 

76.800 1.052 

63.900 760 

55.300 662 minimum ten- 

sion No. 1 cable 

650 lb 

51.000 485 

46.700 290 

42.400 130 
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Fig. 5—Plot of No. 4 terminal. Minimum 
cable range—limit not reached at 60 
per cent. 


Cable size, AWG No. 


0 200 400 600 800 1000 i200 400 
Tension, ib 


Fig. 6—Plot of No. 6 terminal. Minimum 
cable range 60 per cent. 


In this instance, the No. 1 terminal 
performed in excess of MIL spec for 
a cable area of only 65 per cent of the 
nominal cable area. 

A more graphic illustration is that 
of Fig. 8, which shows results obtained 
with the No. 10 terminal. At a final 
cable area only about 25 per cent of 
the original area, the secondary plot is 
still to the right of the standard curve, 
giving an exceedingly high perform- 
ance rating to the terminal in question. 

To confirm the electrical qualities 
of these installations, a series of rela- 
tive conductivity tests was performed 
using as a resistance standard a unit 
length of the various installed cables, 
and measuring the unit 
across the installed terminal and cable. 


resistance 


The ratio of the two resistances be- 
came a measure of the relative con- 
ductivity, and where the ratio equaled 
or exceeded unity, a sound electrical 
connection was indicated. 

In the aircraft application field, 
these results cannot be directly applied 
other than to reconfirm the exceed- 
ingly high performance obtained with 
a properly designed connector installed 
with complementary tooling. However, 
in general manufacturing applications, 
the knowledge that a specific terminal 
can be effectively applied to a stranded 
cable with an area of 65, 50 and even 
25 per cent and less of the original 
cable area can be profitably utilized. 
The day-to-day economics of inventory, 
availability, small purchased lots, etc. 
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Fig. 7—Plot of No. 8 terminal. Minimum 
cable range 50 per cent. 
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Fig. 8—Plot of No. 10 terminal. Mini- 
mum cable range—limit not reached at 
25 per cent. 


ELECTRICAL MANUFACTURING 





REGULATIO 
and STABILI 


<f. VOLTAGE REGULATED 
POWER SUPPLIES 


OUTPUT | OUTPUT | OUTPUT SIZE 
MODEL VOLTS |AMPERES|IMPEDANCE 


OC: } 1KC 
oc ud 1KC_| 100KC | MW H 


SC-18-0.5 | 0-18 | 0-0.5|.04| 4 | 8%”/4%)” 
sc-18-1 | 0-18 | 0-1 |.02] .2 | 8%”|4%" 
sc-18-2. | 0-18 | 0-2 |.01| 1 4%," 
SC-18-4 0-18 | 0-4 |.005] . 342" 
S$C-36-0.5 | 0-36] 0-05].08| . “1 4%,” 
SC- 36-1 0-36 | 0-1 |.04| 4 45%," 
SC- 36-2 0-36 | 0-2 |.02| . ~ 134%" 
$C-3672-0.5| 36-72 | 0-0.5].15 | 1. 454," 
SC-3672-1 | 36-72| 0-1 |.08| . » 134%" 























*Two units mounted in 
Rack Adapter RA-2 









































Model SC-18-4-M 
Patent Pending 


(TUBELESS) 


TRANSISTORIZED 


SHORT CIRCUIT PROTECTED 


@ REGULATION: 0.1% for line changes 105-125 volts 
at any output voltage in the range minimum to maxi- 
mum. 


0.1% or 0.003 voit for load changes 0 to maximum 
(whichever is greater) at any output voltage in the 
range minimum to maximum. 


@ RIPPLE: 1 mv. RMS. 
@ RECOVERY TIME: 50 microseconds. 


@ STABILITY: (for 8 hours) 0.1% or 0.003 volt (which- 
ever is greater). 


@ AMBIENT OPERATING TEMPERATURE: 50°C maximum. 
Over-temperature protection provided. Unit turns off 
when over-temperature occurs. Power-on-off switch 
on front panel resets unit 


@ TEMPERATURE COEFFICIENT: Output voltage changes 
less than 0.05% per 


@ SHORT CIRCUIT PROTECTION: No fuses, circuit 
breakers or relays! Designed to operate continuously 
into a short circuit. Returns instantly to operating 
voltage when overload is removed. ideal for lighting 
lamps and charging capacitive loads. 


@ OVER-CURRENT CONTROL: Can be set from 0 to 
120% of full load. Current is limited to preset value 
for any load including short circuit. 


@ REMOTE PROGRAMMING at 1000 ohms per volt ts 
provided. Remote programming allows mounting a 
voltage control at a remote point. 


REMOTE ERROR SIGNAL SENSING is provided to 
maintain stated regulation directly at load 


CONSTANT CURRENT OPERATION: These units can 
be set up for constant current operation without in- 
ternal modification. 


POWER REQUIREMENTS: 105-125 volts. 50-65 cycles 
400 cycle units available 


OUTPUT TERMINATIONS: DC terminals are clearly 
marked on the front panel. All terminals are isolated 
from the chassis. Either positive or negative terminal 
of each DC output may be grounded. A terminal is 
provided for connecting to the chassis. The DC term: 
nals, the remote programming terminals and the re 
mote error signal sensing terminals are brought out 
at the rear of the unit 


CONTROLS: Power-on-off switch, one turn voltage con 
trol, on front panel. Over-current contro! on rear of 
unit. Ten turn voltage control available on special 
order 


Continuously Variable Output Voltage. No voltage 
switching. 

Suitable for square wave pulsed loading 

Either positive or negative can be grounded 
Units can be series connected. 

High efficiency @ Low heat dissipation 
Compact, light weight &§ For bench or rack use 
Color: Gray hammertone. (Special finishes available) 


ORDERING INFORMATION: 

Units without meters use model numbers indicated in 
table. To include meters add M to the Mode! No. (e.g 
SC-18-1-M). 

*Rack adapter for mounting any two 84%” x 4%” units is 
available. Model No. RA2 is 5%” high 19” wide 

*Rack adapter for mounting any one 8Y4” x 4%” unit 1s 


KEPCO 


LABORATORIES, INC. 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. 
INDEPENDENCE 1-7000 


available. Model No. RA3 is 5%” high 19” wide 


AN 0.01% SERIES 1S AVAILABLE IN 13 NEW MODELS 
KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED 
POWER SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TUBE 
AND TRANSISTOR TYPES. MOST MODELS AVAILABLE FROM STOCK. 
SEND FOR BROCHURE B-587 
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certainly makes it desirable to broaden 
the scope of a product to include ap- 
plications not originally subject to a 


restrictive band of specifications. 


Figuring Length 
of Pre-punched 
Bent Copper Parts 


R. STOWE 

Switchgear Dep: 
Attis-CHALMERS Mee. Co. 
Milwaukee, Wis. 


IT IS VERY SIMPLE and economical to 
drill or punch holes in flat material 
such as copper bus used in switchgear 
design. However, on a bent piece of 
material, two problems arise. First, 
the job of putting in the holes after the 
piece is bent often becomes very diffi- 
cult and expensive. Secondly, if the 
piece is drilled or punched before 
bending, it is difficult to get the holes 
to arrive at the place they are supposed 
to after bending. The accompanying 
table shows how to figure the length so 
exactly that a piece may be drilled 
or punched before bending. and still 
have all the dimensions correct after 
bending. 

When radii are less than 11% times 
material thickness, the material must 
be soft annealed to prevent cracking 
at bends. This is particularly true of 
material of more than 14 in. Best re- 
sults are obtained when the radius is 
twice the thickness. The formula shown 
in illustration applies only to 90 de 


> oF 
- 
va 


bends. 





Material | Bending | Variable 
thickness,in. | radius, in { n 
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Applies also to 


Blister Testing of 
Magnet Wire 


G. W. RECKTENWALD and 
R. A. SELLERS 
GENERAL ELectric COMPANY 


Louisville. Kentucky 


RESISTANCE TO THE REFRIGERANT is 
an essential characteristic for magnet 
wire enamel in a hermetically sealed 
refrigeration system when the enamel 
is in direct contact with the refriger- 
ant. Many wire enamels. especially 
those of the Formvar type. are softened 
and partially extracted by monochlo- 
rodifluoromethane, R-22, if they are 
improperly cured. Excessive softening 
may cause electrical failure. and ex- 
tractable materials may cause mech- 
anical failures by gumming closely 
machined compressor parts. The degree 
of cure of the wire insulation is of 
utmost importance. 

The blistering of wire enamel is 
a measure of the instability of the 
enamel to a_ given refrigerant. Ex- 
perimentation has shown that with 
many wire enamels the 
blistering is directly 


degree of 
related to the 
amount of enamel that is extracted by 
the refrigerant. Hence, a blister test 
may be used to determine the usabil- 
ity of a given enamel coating. pro- 
vided several operational variables are 
closely controlled. 

Formvyat 
polvinylformal-base 


enamels are principally 
resins. Any ex- 
traction of this material or partially 
cross-linked resin leads to a monochlo- 
rodifluoromethane soluble-oil insoluble 
adhesive. This material may be readily 
identified by its infrared spectrum. 

4 blister test may be carried out 
in a three ounce glass pressure tube 
with a millimeter reference scale. Two 
6-in. lengths of magnet wire are 
wound into coils. The length of a coil 
is such that the wire extends above 


NOTE: The authors wish to acknowledge the work 
f Miss Ruth Giuffria who prepared the photomicro 
graphs 


Fig. 1—Effect of heat-curing Formvar 
enamel wire prior to blister test. Wire 
as received (top), after curing for 4 hr 
at 150 C (center) and after curing for 
6 hr at 150 C (bottom). 


eam mame 


Fig. 2—Effect of delayed bomb opening 
on blister test. At the top, wire as re- 
ceived and 30 sec to open bomb; bottom, 
wire as received and 4 min to open bomb. 


the liquid level in the tube. Oil is 
added up to the 4cm mark and de- 
gasified with a vacuum pump. The cap 
of the tube is removed and _ liquid 
monochlorodifluoromethane added to 
the 8-cm mark. The cap is replaced 


Blister Test on Formvar Enameled Wire Samples 





Wire 
Sample 
No. Cure 


as received 
2 hr at 150 C 
4 hr at 150 C 
6 hr at 150 C 
as received 


Blister test 
(30 sec to open bomb) 


large blisters 
several blisters —— fail 
several blisters fail 


Blister test 
(4 min to open bomb) 


fail several small blisters 


ass 
1 very small blister pass 


pass pass 

large blisters — fail 3 small blisters 

2 hr at 150 C blisters fail pass 

4 hr at 150 C small blisters fail pass 

6 hr at 150 C pass pass 

as received large blisters —- fail large blisters — fail 
2 hr at 150 C large blisters — fail pass 

4 hr at 150 C numerous blisters — fail pass 

6 hr at 150 C pass pass 


s£2e2etee¢<¢ 
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EVERYTHING UNDER CONTROL 


AT YOUR NEARBY 


GUARDIAN 
FRANCHISED 
DISTRIBUTOR 


EAST 
Cramer Electronics Inc. 
811 Boylston, Boston 16, Mass. 
Rochester Radio Supply Co. 
600 E. Main, Rochester 5, N.Y. 
Arrow Electronics Inc. 
525 Jericho Turnpike 
Mineola, L. |., New York 
Federated Purchaser 
1021 U. S. Rte. 22 
Micro-Miniature Mountainside, New Jersey 
IR-1005 RELAY Electronic Ind'l. Sales Inc. 
2345 Sherman N.W., Wash. 1, D.C. 
Herbach & Rademan Inc. 
1204 Arch, Philadelphia 7, Pa. 
Cameradio Company 
1121 Penn, Pittsburgh 22, Pa. 
SOUTH 
Dalton-Hege Radio Supply Co. 
912 W. 4th, Winston-Salem, N.C. 
Specialty Distributing Co. 
GUAR DIAN es 763 Juniper, Atlanta 8, Ga. 
: Thurow Distributors 
a +e 121 S. Water, Tampa, Florida 
i the popular “buy word” for relays, steppers, switches MIDWEST 
- Pioneer Elect. Supply Co. 
and solenoids. All types with all physical and electrical 2115 Prospect, Cleveland 15, O. 
2200-U RELAY Mytronic Company 
2145 Florence, Cincinnati 6, O. 
nearby Guardian Franchised Distributor. Being the foremost — Radio Specialties Inc. 
— 456 Charlotte, Detroit, Mich. 
industrial distributors of electronic products they are better qv 1, Graham Elect. Supply, Inc. 
4. informed and equipped to supply your control needs. ; ? 122 S. Senate, Indianapolis, Ind. 
} 2.9 J Newark Electric Company 
Contact any one listed to the right. Get experimental ~ = 223 W. Madison, Chicago 6, Ill. 
euch ananil t tit oe NO. 16 SOLENOID N.W. Radio & Elect. Supply Co. 
NO. 11 5 P Fee VEN, OF Qesaenees tO Sune i ty 52 S. 12th, Minneapolis, Minn. 
SOLENOID + é Interstate Supply Co. 
4 4445 Gustine, St. Louis 16, Mo. 
Bur tei Appl b c r 7 
1012 McGee St., Kansas City, Mo. 
_ . : { SOUTHWEST 
IR RC-100 { bm: 2 > Busacker Elect. Equip. Co. 
RATCHET RELAY 7 . 1216 W. Clay, Houston 19, Texas 
’ Contact Electronics 
: ‘ —s Farrington , Dallas 7, Texas 
adio, Inc. 
a bhai in 1200/1200 1000 S. Main, Tulsa 19, Okla. 
INTERLOCK FAR WEST 
Newark Electric Company 
CANADA 4747 W. Century Blvd. 
ata: e & Sons Inglewood, California 
erton Street 
; Pacific Wholesalers Andrews Hardware 
Toronto, Ontario, Canada 1850 Mission Street 334 South Main Street 
San Francisco, Calif. Los Angeles 13, Calif. 


ar 
R.A.S. 
ADD AND 


SUBTRACT characteristics are immediately available from stock at your 
STEPPER 


and sustain your production. 





IN STOCK at Your Nearby Guardian Franchised Industrial Distributor « Write for details 


GUARDIAN WY ELECTRIC 


MANUFACTURING COMPANY 
1627 -M W. WALNUT STREET, CHICAGO 12. ILLINOIS 
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and the air purged from the system 
by the escaping refrigerant. The needle 
valve is then closed. The tube is al- 
lowed to stand 4-16 hr at room tem- 
perature (22-25 C). The gas is rapidly 
bled from the bomb. the wires removed 
and placed in an oven at 120 C. This 
operation is performed in 30 sec. The 
wire is removed from the oven after 
5 min and examined for 
blisters er soft spots. Three or more 


carefully 


blisters less than 0.5 mm diam or one 
or more larger blisters is considered 
a failure. 

In blister tests utilizing a_ bolted 
metal bomb, 4 to 5 min are normally 
required to open the bomb and place 
the wires in an oven at 120 C. Our 
studies show that if the time required 
for this operation is increased from 30 
sec to 4 min, the blistering action of 
the refrigerant is greatly decreased. 
The blistering action depends upon 
the solution of the refrigerant in or 
under the enamel coating with subse- 
quent rapid expansion of the gas when 
the wire is placed in the oven. Thus, 
if the refrigerant has sufficient time 
to diffuse from the wire enamel be- 
fore heat is applied. blistering will not 
appear. 

The table shows the effect of extra 
bake at 150 C on the cure of the 
enamel as well as the effect of a de- 
layed opening of the sealed bomb. 
Figure 1 shows the effect of heat- 
curing Formvar enamels on the stabil- 
ity of the enamel to the blister test. 
The profuse blistering of the wire “as 
received” was very markedly decreased 
by a 4hr additional bake at 150 C. 
The effect of a delayed bomb opening 
is seen in Fig. 2. A delay of 4 min 
necessary to unbolt a metal bomb and 
place the wire in an oven resulted 
in only a few large blisters scattered 
along the wire. 

Extreme care should be taken to 
duplicate the conditions to which the 
enamel is normally subjected. In gen- 
eral there are three types of bake: 
air, vacuum and inert atmosphere. Air 
bake results in a cure which is at 
least partially oxidative. This is be- 
lieved to be the most efficient of the 
three types of cure. Vacuum bake is 
much slower in its curing rate, which 
does not diminish its value since any 
volatile materials or decomposition 
products are continually removed from 
the system. A bake in an inert at- 
mosphere is similar in cure to a vacu- 
um bake if the inert gas is con- 
tinuously flushed past the wire enamel. 
In a closed system. an inert atmosphere 
retards curing due, apparently, to 
equilibria which are established. 
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During normal hermetic system man- 
ufacturing the enamel on a stator is 
frequently subjected to sufficient heat 
tu give additional cure as a forced-air 
drying of the compressor or as an 
evacuation bake-out of the compressor. 
Depending on the method used in the 
manufacturing operation, wire enamel 
should be pre-cured under similar con- 
ditions before running a blister test. 

Certain critical steps should be care- 
fully controlled for blister 
tests. enamel to 


reliable 
Prebake the wire 
duplicate the conditions the wire 
undergoes in manufacturing and care- 
fully control the time required to vent 
the bomb and place the wires in an 
oven at 120 C. This time should not 
exceed 30 sec. The time of contact of 
the wire with the oil and refrigerant 
is not critical provided it is not less 
than 4 hr. When the blister test is 
carried out as described above. blister- 
ing is found to occur on wire in which 


1.5-2.0 per cent or higher of the enamel 


could be extracted by monochlorodi- 


fluoromethane. 


Flexible Tubing 
in 
Card-to-Tape Converter 


A NEOPRENE-COATED fiber-glass ducting, 
Flexflyte, designed by Flexible Tube 
Corp., Guilford, Conn., performs an 
important function in the Remington 
Rand Univac system’s card-to-tape con- 
verter. 

The unit reads the information on 
punched cards and translates it into 
electrical impulses on magnetic tape 
which feeds information into the com- 
puter unit. The card feeder reads 
punched cards at the rate of 240 a 
minute, reading each card twice and 
automatically comparing the two read- 
ings. If the two readings are not ex- 
actly the same. the feeder rejects the 
doubtful card for special attention. 

Because of this double reading, 
punched cards must be positioned very 
accurately when they are fed across 
the reader elements. They are steadied 
by strong suction provided through two 


Tt \aynkhh 


saat 


Lengths of Flexible Tubing Corp.’s Flexflyte flexible ducting provide suction to steady 
punched cards in the card feeder for the card-to-tape converter in the Univac system. 
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When You 


* 
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Relia ‘€o 
Of Timed fa 





DE-ENERGIZED 
Plunger P is floating in mercury M. 
External circuit is open because main 
body of mercury M is below lip of 
ceramic cup CC. 





relays 











List what you like and don’t like in a switch, 
then see how Adlake meets your need: 


e Immune to vibration 
e Perfect snap-action—no burning, pitting or sticking 


e No intrusion of dust, dirt or moisture—hermetically sealed 
at the factory C 


e Time delay characteristics fixed and non-adjustable 








ENERGIZED 
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e Quiet. Chatterless. Require no maintenance whatever. 

Our engineers will gladly help you with your control problems. 
No obligation. Just write the original and largest maker of 
plunger-type relays—THE Apams & WESTLAKE COMPANY, 
1168 N. Michigan, Elkhart, Ind. - New York - Chicago 


Circle 158 on page 17 


Coil C pulls plunger P down into 
mercury M. Mercury thus displaced 
completely covers ceramic cup CC 
filled with mercury. This establishes 
mercury-to-mercury contact between 
electrodes E and EE. 
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Flexflyte connected with a 
whi h 
suction 


lengths of 
is connected 
by a third 
ducting. The flexibility and 
toughness of this material are import- 


manifold, in turn 
with the 


length of 


turbine 


ant elements since the ducting can 
readily flex with of the 
mechanism. It also provides a vibration- 
free the suction 
turbine and the distribution manifold. 

‘eRene) 


movements 


connection between 


Winding Machine 
for Small Stators 


FRED DAVIS 
WESTINGHOUSI 
Lima, Ohi 


Evectric CoRPORATION 


IN THE CONVENTIONAL stator winding 
machine, the needle is operated with a 
crank to 
the reciprocating action, in 


combination with a cam to give swing 


and a connecting rod give 


required 


motion. The reciprocation carries the 
needle outlet back and forth through 
the stator core while the swing action 
carries the needle outlet over from one 
slot end stroke. 


core to another at 


Needle 














Schematic e ¢ 


Operating principle 


both of these 


motions are produced by one mechani- 


In a new machine. 
cal element, a roller chain with a pin 


link. A multiple 


strand chain is used to give the pin 


extending from one 
more stability. The needle, which con- 
sists of a steel tube with a wire outlet 
at one end, is mounted in two support- 
ing bearings and is connected to the 
chain by means of a sideways-project- 
ing arm. A ball with a hole through it 
engages the pin and this ball is carried 
in a spherical bushing mounted in the 
end of the projecting arm. 

As the pin around the 
sprockets at each end of the stroke, 
the ball must slide on the pin and turn 


passes 


_ Supporting 


Ball joint / bearings 
J. / 














Sprocket 





ne 


of stator winding machine using sprocket chain. 


the Assuming that the 
wound requires a 


freely in 
to be 
60 degrees and a stroke of 6 in., these 


arm. 
coil swing of 


conditions could be met by using a 5 
pitch chain of 24 pitches length, 13 
tooth sprockets and a projecting arm 
of approximately 2-5¢ 
tance. A 
100 
combination. 

rhe the 
range of wire sizes used in making small 
to No. 30 
AWG. Larger sizes of wire, as for in- 


No. 20 AWG, 


more slowly than the finer wire. 
C) 


in. center dis- 
is 


this 


practical winding speed 


about turns per minute for 


machine will wind usual 


stator coils. down about 


stance must be wound 





Rubber Nail Clamp 


MANUFACTURERS OF 


ELECTRONIC EQUIP- 
MENT for military use are constantly 
seeking new ways of meeting shock and 
vibration requirements easily and econ- 
omically. One such recurring problem 
is that of tying down components and 
wires to the chassis. A solution devel- 
oped by Boeing Airplane Co., Seattle. 
Wash., is the “mouse tail,” a piece of 
hard rubber shaped like a nail (Fig. 
la) and about 11% in. long. 

To tie down a group of wires, two 
small holes are drilled in the chassis 
and the mouse tail is inserted from the 
back side through one of the holes as 
shown in Fig. 1b. It is then looped over 
the wires and pulled through the second 


(a) 


tail” 


“mouse (a) 


(d) 


Hard-rubber 
drawn tight 


Fig. | 


(ec), and 
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provide effective clamp for electronic 


hole until it is tight. In the process of 
pulling the rubber through the hole, 
the 
when it 


the cross section of mouse tail is 
released, 
the expansion holds it in the 
hole. (See Fig 2.) shake 


tests have proved that the mouse tails 


reduced so that, is 
firmly 


Laboratory 


will hold firm under all environmental 
conditions expected during the flight 
of a missile. Their use eliminates the 
need for the usual clamps or waxed 
string ties. 

The tail 
for tying bundles of wire; larger sizes 


mouse illustrated is used 
are being developed for use with com- 
ponents such as resistors and capaci- 
tors. The mouse tail is patented by 


Boeing. and Rubber Teck Co., P. O. 


(b) (ec) 


equipment. 


is inserted through one hole 


Box 389. Gardena, Calif., has been li- 
censed to produce it. ) 


Fig. 2—Equipment with mouse _ tails 


holding wire bundle firmly to chassis. 


(d) 


looped over wires and inserted in a second hole 
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“Armalon” offers superior armature insulation 
at lower cost in large Reliance D.C. motors 


Since switching to a slot wrapper of 
*“‘Armalon’’* TFE-fluorocarbon resin- 
coated glass fabric, Reliance Electric 
and Engineering Company gets better 
armature insulation and saves money, 


’ 


too. 

For use on their Class H insulated, 
normal-voltage, large D.C. motors, Re 
liance finds ‘“‘Armalon’’ offers superior 
electrical properties and resistance to 
heat aging. ‘‘Armalon’’-wrapped coils 
wind easily—resist breakdown under 
mechanical stress of winding and insert- 
ing coils. With ‘““Armalon’’, Reliance has 
never had a failure during high-poten- 


tial testing. In addition, “‘Armalon”’ has 


given Reliance a saving on the basis of 


material costs. 

Because ‘“‘Armalon’’ has helped im- 
prove quality and cut costs for this ap- 
plication, Reliance is studying its use 
for other motors in their line. 

Du Pont offers ‘‘Armalon’’- coated 
glass fabrics in a variety of forms and 
thicknesses—full-width materials to 38”’, 
tapes, and multiple-ply laminates in 
sheets or rolls—for a wide range of motor 
and generator insulation applications. 
All possess excellent electrical proper- 
ties—perform continuously at tempera- 


tures of 482°F. “‘Armalon’’ is highly re- 
sistant to abrasion, solvents, and cor- 
rosive chemicals and possesses excellent 
anti-stick properties. Flow under com- 
bined heat and pressure is extremely low. 


* ok * 


For specific data on properties of 
“‘Armalon’”’ mail the coupon or write: 
E. I. du Pont de Nemours & Co. (Inc.), 
Fabrics Division, Dept. EM-89, Wil- 
mington 98, Delaware. “‘Armalon’’ is 
distributed to the electrical industry by 
Insulation Manufacturers Corporation, 
Chicago and Cleveland. 


**“aRMALON" is Du Pont’s registered trademark for its TFE-fluorocarbon resin-coated glass 


fabrics and laminates 


DU PONT INDUSTRIAL 
COATED FABRICS 
SHEET STOCKS + CEMENTS 


REG. U.S. Pat. OFF. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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E. I. du Pont de Nemours & Co. (Inc.), Dept. EM-811 
Fabrics Division, Wilmington 98, Delaware 

Please send me more information about ‘‘ Armalon” coated glass fabrics. 
I am interested in using “‘Armalon’”’ fabric for 
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Firm 





Address 
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Slidewire Tape 
Potentiometer 


THE BASIC ELEMENT of a new indicat- 
ing potentiometer (Fig. 1) is a_ re- 
sistance wire bonded in the edge of a 
laminated Mylar tape. The tape is 
originally calibrated according to 
customer specifications by the manu- 
facturer, the Howell Instrument Co.. 
Fort Worth. Texas. Any linear or non- 
linear calibration is obtainable includ- 


Fig. 1—Ta’Pot indicating potentiometer 


is approximately 2 x 24% x 2% in. 


Fig. 2—Resistance wire is bonded in edge 
of laminated Mylar tape. 


Fig. 3—Calibrated figures printed on tape, 
which is driven by a sprocket wheel, are 
visible through window. 


ing direct digital reading of tempera- 
ture with any type of thermocouple, 
square root extraction when used with 
differential transducers for 
flow measurement, and hyperbolic and 
logarithmic functions encountered in 
analysis and radiation systems. 
Calibration is accomplished on an 
automated that 
unit under test with a master tape 60 ft 
long. During calibration, digital values 
as specified are automatically printed 
along the face of the tape. A thousand 
calibration points are printed on the 
120 in. of the tape’s length (Fig. 2). 
The marks are then visible through the 
front window of the instrument (Fig. 
3). The resistance wire may be either 
straight or in helical form, depending 
on the total resistance required. Re- 
sistance ranges are from 100 ohms to 
100 k. The potentiometer is driven 
through sprocket holes in the tape. 
As a result of the completely elec- 
tronic operation of the calibration pro- 
calibration is guaranteed for 
either linear or non-linear functions. 
Conformity between resistance 
value and the specified function of the 
calibration is 0.05 per cent, resolution 
is better than 0.01 per cent, total re- 


yressure 
I 


system compares the 


cess, 


true 


Fig. 4—Potentiometers may be ganged for 
simple adjustment of related functions. 


sistance tolerance is 0.25 per cert and 
end resistance is less than 0.005 ohm. 
Power rating is 2 watts at 25 C. 
Straight sides on the case and inter- 
locking shaft ends permit adjacent 
ganging of two or more units in mini- 
mum space (Fig. 4). A single knob 
permits setting of related functions 
without the use of gears or couplings. 
Designated Ta’Pot H5600, the unit 
has a 14-in. operating shaft and weighs 
4 oz. Ambient temperature range is 
—55 to +70 C and temperature co- 
efficient of the resistant wire is 20 parts 
per million per deg C. OO0O0° 


TW Scope Solves 
Inspection Problem 


OSCILLOSCOPE 


THE TRAVELING WAVE 
(Edgerton, Germeshausen & 
Inc., Boston, Mass.) is well known for 
its accurate display of transient and 
repetitive waveforms in the millimicro- 
second region. Lansdale Tube Co. 
(Div. of Philco Corp.), Lansdale. Pa., 
found a new application for this scope 
in checking new ultra-high speed 
switching transistors (type 2N501) 


Grier, 





Automatic 
Temperature Control 
of Soldering Iron 


THE MAGNETIC PROPERTIES of a special 
alloy are used to provide automatic 
control of the temperature of a new 
soldering iron made by Weller Electric 
Corporation of Easton, Pa. Called the 
Magnastat, the iron is built to maintain 
a constant temperature of 700 F. When 
the temperature of the tip gets 2 per 
cent above or below that figure the 
magnetic quality of the piece of special 
alloy, which is located in the tip, 
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changes, thus causing the piece to move 
physically a small distance. This move- 
ment makes or breaks a contact in an 
electrical circuit so that the flow of 
current to the iron is either started or 
stopped. 

The soldering iron is 
stainless 


made of a 


series of steel tubes which 


protect the sensing mechanism and 
give the iron added strength. The 
stainless steel and other parts of the 
interior are supplied by Allegheny 
Ludlum Steel Corp. The new iron is 
made in three sizes: 40 watts (8 in. 
long), 60 watts (8% in.), and 120 


SOO 
VU 


watts (9 in.). 2G 








Special alloy in tip of iron has magnetic properties which change at specified 
temperature to make or break current supply. 
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PRODUCTS 


SODERON (nylon coated Soderex) 


WINDS RESISTS SOLDERABLE, 
EASIER SOLVENTS TOO! 


y 


Low co-efficient of friction pro- The chemically resistant outer jack- No stripping. Solderable at low 
vides “lay-in” qualities similar to et removes any danger of magnet temperature without damage to 
tried and true Nyform (nylon wire damage by severe varnish copper conductor. 

coated Formvar). or compound treatments. 


SX Soderon is available in sizes 10-46 AWG, inclusive. 
Packaged on spools, reels, pails and “Magna Pak”® 


Wire designed with the future in mind . . . Essex “‘field tested’’ Magnet Wire 4 





MAGNET WIRE DIVISION, Essex Wire Corp., Fort Wayne 6, Indiana 
Manvtacturing Plants: Birmingham, Alab ; Anaheim, California; Fort Wayne, Indiona; Hillsdale, Michigan 





NATIONAL NETWORK OF WAREHOUSES AND SALES OFFICES... CALL YOUR LOCAL “ESSEX MAN” 
‘ 
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with rise times on the order of ten 
millimicroseconds and switching poten- 
tials of about 10 volts. In the usual 
solid deflection plate type of cathode- 
ray tubes a 10-volt potential is too low 
to deflect the beam without first am- 
plifying the signal. and the long rise 
time of available amplifiers precludes 
their use with ultra-high speed switch- 
ing devices. 

The EG&G TW scope solved Lans- 
dale’s problem because it is capable 
of producing full scale deflection with 
a 10-volt input, and its rise time of 0.1 
millimicrosecond ensures that the ob- 
served rise times originate in the tran- 


sistors and not in the instrument itself. 

Lansdale developed a closed circuit 
TV system to display the transistor 
waveforms on a 17-in television screen. 
The transistors were connected to the 
TW scope’s deflection system. Mounted 
over the oscilloscope’s screen was the 
EG&G Type 710 camera which has a 
5X magnifying glass for visual obser- 
vation of the screen. The TV camera 
was focused on the screen through this 
magnifying glass, and the transistor 
waveforms were thereby displayed on 
the TV monitor. To establish a time 
scale, Lansdale inserted an_ edge- 
lighted reticle into the camera at the 
film plane. 

Lansdale improved the system to 
serve two transistor test benches with 


a single TW scope-TV setup. The 
TW scope has a push-pull deflection 
structure. Ordinarily both sides are fed 
simultaneously in opposite polarity, but 
Lansdale connected each side to a 
separate transistor test bench. Thus, 
while one operator was reading the 
rise time of a transistor under test. 
the second operator was preparing the 
next transistor for insertion into 
the test setup. By so connecting the 
transistors to the TW scope, the wave- 
forms are displayed in opposite direc- 
tions. This does not affect either the 
accuracy or ease in reading the wave- 
forms, but has an added advantage of 
eliminating any confusion as to which 
operator is feeding the signal to the 


TW scope. 





New Meter 
with “‘Memory’’ 


FOR METER APPLICATION where read- 
ings at a particular time must be 
known but cannot be noted immediate- 
meter” that retains 
indefinitely a reading taken at any de- 
sired instant has been developed by 


ly, a “memory 


Assembly Products. Inc.. Chesterland, 
Ohio (see Fig. 1.). Situations where 
the new meter could be used to ad- 
vantage include remotely located 
meters or batteries of meters with a 
number of different but related read- 
ings. “Memory” readings may be taken 
at any point on the meter scale, not 
necessarily at the maximum reached 
by the quantity being measured. 

As shown in Fig. 2, the unit con- 
sists of a sensitive panel meter with a 
solenoid mounted on the back side. 
The solenoid’s plunger projects through 
the meter case and bears against the 
dial plate. The solenoid is normally 
energized so that the plunger is re- 
tracted. When the solenoid is de-en- 
ergized, the plunger forces the dial 
plate against a bumper plate. forming 
a clamp which holds the pointer at the 
current reading. 


Fig: 2—Plunger of solenoid on memory 
meter projects through case and bears 
against dial plate to clamp pointer when 
reading is to be retained. 


The memory meter is available in 
ranges from a few microamperes (or 
millivolts) to 50 amp (or 500 volts) 
a-c or d-c. It is built on a 4%-in. rec- 
tangular plastics case, and the solenoid 
operates on 100 volts at approximately 
30 ma. Models with a d-c solenoid may 
also be obtained. O00 


Fig. 1—Memory meter is standard panel meter with solenoid mounted on back of 


case. 
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Silicon Solar Cell 
Applications 


Unique applications continue to de- 
velop for silicon solar cells in many 
areas of the electrical/electronics field. 
In addition to a flashlight and the eye- 
glass hearing aid shown above. current 
consumer and commercial applications 
include: Hoffman “Trans-Solar” tran- 
sistorized portable radio, Seth Thomas 
solar-powered electric clock, point of 
sale store displays, flasher beacons, 


movie cameras with  solar-controlled 
aperture openings, robot weather sta- 
transmitters, microwave 


tions, radio 


relay stations, readouts 
(punched card and tape) and control 
devices. 

Military applications are typified in 
the Navy Vanguard satellite which uses 
108 Hoffman Electronics Corporation 
solar cells located in six clusters to 
provide power for one of the satellite’s 
radio transmitters. The cells are also 
used in the Aerobee rocket as a sensor 
to activate a camera for high-altitude 
photographs of the earth. O00 


computer 


ELECTRICAL MANUFACTURING 





take any amount 
of handling 


‘ 


! Th 
You’ve never worked with films Yours today e e 
like these before! Scalemaster films p re 

are Mylar* with a very high degree of t d d 
extra stabilization added through engineering S an ar 

an exclusive Ozalid process. These extremely durable, 

dimensionally stable films safeguard your investment in of tomorrow 
valuable originals. They’re practically impossible to tear— 

won't fray, crack, ‘dog-ear,’’ or become brittle, and can be 

filed indefinitely without deterioration. And fast! Scalemaster 

films are extremely transparent for the fastest copies 

possible ... and with maximum contrast. Your draftsmen 

can draw and dimension precisely in one operation ... 

with accuracy never before attainable. In fact, i 


n 

many fields, Scalemaster films can often help eliminate : © ra. ) 
entire reproduction steps. L I | >) 
But why not see for yourself? Send for sample sheets of 


Scalemaster films today and test the performance advantages . bers ceage ara a 
they give you. Write: Ozalid, Dept. K-11, Johnson City, N. Y. A Division of General Aniline & Film Corporation 


*Du Pont's registered trademark in Canada: Hughes Owens Company, Ltd., Montreal 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 
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Components 
and Materials 


A staff compilation of the latest developments 
design-in use in electrically operated end products 


screened for 
complete 


with all released specifications and available application data. 


INTERMEDIATE POWER 
SILICON TRANSISTORS 


Made by 
| n-p-n transistors feature 40 w dis- 
sipation at 25 C, 500 ma max collector 
current and a low 15 ohms max satu- 
ration resistance. For max design ease. 
heta spreads of 12 to 36 or 30 to 90 


gaseous diffusion process. 


are available in either 120-volt 2N1048 
and 2N1050 or 80-volt 2N1047 and 
2N1049. 

Offered in a stud-mounted package 
only slightly larger than standard 
JETEC outline TO-5 case. Design per- 
mits mounting semiconductor wafer 
directly to stud, providing good heat 
transfer characteristics. Texas Instru- 
ments, Inc., P. O. Box 312, Dallas. 
Tex. >476 
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HIGH-TEMPERATURE 
SILICON RECTIFIER 


High-temperature silicon rectifier TM 
155 offers 1500 volt, 400 ma ratings 
at 150 C case. May be used in high- 
voltage power supplies for magnetrons. 
klystrons, electronic precipitators and 
other applications requiring 600 volt 
output or higher. 

Hermetically sealed in standard “46 
in. hex package, is resistant to shock. 
vibration and changes. 
Transitron Electronic Corp., 168-182 
Albion St.. Wakefield, Mass. +>477 


environment 


SIZE 5, 400-CYCLE 
SERVO MOTOR 


Small hysteresis synchronous motor in 
BuORD size 5 weighs only 0.9 oz. The 
standard motor, 5H1-1, operates from 
a single-phase power supply at 26 
volts. However, units can be supplied 
to operate from 2- or 3-phase supplies 


at speeds of 12,000 or 8000 rpm. 

Specifications: 
total; pull-out torque, 0.07 oz-in.: pull- 
in torque, 0.04 oz-in.; starting time. 
30 millisec; 


power input, 5 w 


operating temperature 
range, 55 to +85C. Servomechan- 
isms. Inc.. Mechatrol Div., 1200 Pro- 


pect Ave. Westbury, N. Y. ~>478 


TRANSISTOR MOUNTING CLIP 
Spring steel clip, which will accom 
modate all transistors employing stan 
dard TO-9 outline, is snapped into 
holes where it 


panel retains itself 


under live spring tension. Tubular re- 


Ga 


—— 


taining collar has good heat sink 
properties because it completely en- 
circles transistor, drawing heat from 
transmitting it 
spring legs and tabs _ inte 


all directions and 
through 
panel, 
Openings at both sides and at bottom 
of fastener allow air to circulate and 
increase heat dissipation even more 
Four small barbs and compression of 
fastener’s collar retain transistor in 
vibration-proof grip. Tinnerman Prod- 
ucts. Inec.. P. O. Box 6688. 8700 Brook- 
park Rd., Cleveland 1. Ohio. >479 


ANGULAR DIVIDER 


(Angular divider used for exact angular 
positioning of synchros and potentiom- 
eters features ease of operation and 
unusual 
test will be positioned with less than 
20 sec of are error. 


Unskilled 


accuracy. Component unde1 


operator can mount a 
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team Lined 
ae 


TO SAVE PRECIOUS SPACE 


Ratings from 
20 to 200 Amps. 
50 to 300 PIV 


FROM THIS. 


....OR THIS 


FLUSH MOUNT 


E*iatiin ©& 
POWER SILICON RECTIFIERS 


ay "‘Varz iam 


Low silhouettes feature the redesigned Tarzian Flatline Silicon Rectifiers. 
Current ratings range from 20 to 200 amperes and the peak inverse voltage 
range is from 50 to 300 volts. Flush or stud mounting is optional in either 


positive or negative base polarity. Write for data sheets. 


SARKES TARZIAN, INC., Rectifier Division 
DEPT. M-4, 415 NORTH COLLEGE AVE., BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9, Tel. Rogers 2-7535 * Export: Ad Auriema, Inc., New York City 
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STAIN LESS 


-010 to .001 25” wide; down 
to .00015 in narrower widths. 


All regular commercial 
tempers. 


Commercial bright anneal 
finish. 


Unique annealing facilities 
provide uniform temper and 
uncontaminated surface. 


Coils or cut lengths, both with 
#3 edge. 


302, 305, 321, 347, 430, 
17-7PH, PH15-7MO plus 
various high temperature 
alloys and rare metals. 


Available for prompt shipment 
in production quantities. 


FOR EXACTING STANDARDS ONLY 


Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN. 
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component, position its shaft every 5 
deg throughout 360 deg. and dismount 
in less than 3 min. 

Specifications: size, 12 in. diam x 
534 in. high; accuracy, less than 20 
sec error at any angle; repeatability, 
better than 10 sec; range, 360 deg: 
intervals of 5 deg by means of a 
detent. Theta Instrument Corp.. 48 
Pine St., East Paterson, N. J. ->4g9 


TWO-CONDUCTOR 
RIP-CORD CABLE 

A 250 C 
cord cable has an easy-to-strip outer 


miniature 2-conductor rip 


binding of transparent Teflon tape. 
Available in sizes from AWG 20 to 


AWG 32 that meet military and com- 
mercial specifications. 

Individual Flexolon 
construction. Have approx 8 layers of 
special Teflon tape insulation applied 
longitudinally along axis of conductor. 


wires are of 


Cable permits easy. low cost wiring 
of intricate chassis. 

Outer binding is transparent for 
easy color-code identification of the 
2 conductors. Tensolite Insulated Wire 
Co.. Inc... West Main St.. Tarrytown. 


ee —>48] 


ELECTRIC PUMP MOTORS 


Lightweight electric pump motors can 
be used for feathering as well as othe: 
purposes. Available is a 400 cycle. 
200 volt, 3-phase design for high hp 
propellers. 

Model 424 (illustrated), replaces an 


existing unit which weighs 11.2 |b, 
draws 23 amp and is restricted to an 
intermittent duty cycle of 2 min on 
and 3 min off. Weighs 7 Ib, draws 
19 amp and may be operated continu- 
ously. Ambient temperature range —65 
to +165 F. Under emergency condi- 
tions at 65 F, torque is 92 in.-lb 
at a current of 65 amp. Existing design 
provides 75 in.-lb torque at 85 amp. 
Task Corp., 1009 FE. 
Anaheim, Calif. 


Vermont Ave.. 
~>482 


HIGH-TEMPERATURE ALLOY 


René 41, a _ nickel base, titanium- 
aluminum hardened alloy, makes pos- 
sible higher jet engine and airframe 
Mach 


weight. Despite its fairly large con 


numbers at lower — specifi 
tent of titanium and aluminum, René 
11 can be formed, welded and ma- 
chined with relative ease in compari- 
son with other materials. 

Capable of use in 1800 F range, it 
can be used effectively from room 
temperatures to 1800 F by appropriate 
inert-ar¢ 
welded with or without filler material, 


heat treatment. Can_ be 


as well as offering strong, ductile 
spot welds. 

Strength tests with optimum heat 
treatment show that the 0.2 per cent 
offset vield strength at 1200 F is 
125,000 psi. The 100 hr stress rupture 
strength at 1600 F is 25,000 psi. 
General Electric Co., 


i ¢ 


Schenectady 5, 


~>483 


HIGH-VOLTAGE GERMANIUM 
POWER TRANSISTOR 


With a max 120-volt operating volt- 
age and 50 w dissipation at 25 C, 
these p-n-p alloy-junction devices 
are for miniaturized applications re- 


quiring high voltages and high reli- 


-_-— TYPOC AL THERMAL RESISTANCE 
——-— «= MAXIMUM THERMAL RESIST 


— TOTAL DISSIPATION — WATTS 


° 





ability. Suited for use in power sup- 
plies and audio, servo and _ power 
amplifiers. 

Two units, the 120-volt 2N1022 
and the 100-volt 2N1021, differ only 
in voltage ratings. Both feature a 700 
pamp collector cutoff current at one 
half rated voltage and 2 ma Ico at 
full rated voltage along with _ typi- 
cal beta of 70 at 1 amp and 23 at 
5 amp. Design center saturation re- 
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When it’s tool-up time in Detroit— 


“UNITED AIR LINES AIR FREIGHT 
GIVES US A HEADSTART 
ON NEXT YEAR'S MODEL" 


— &. D. HEILBRUN, Director of Traffic 
The Budd Company, Philadelphia, Pa. 


*©When Detroit agrees on final changes for next 
year’s cars, our two Philadelphia plants move with 
all possible speed on jigs and dies. United fits 


aie . 


WALTER BOYD, United's cargo repre- 
sentative, watches the shipment land 
at Willow Run—on time. You find 
this dependability throughout United. 
People go out of their wav to give each 
shipment personal attention. 





right into the speed picture. They always have 
space to Detroit for us when we need it. And 
they use kid gloves in handling our shipments! »? 





UNITED AIR FREIGHT RATES ARE LOW 


PHILADELPHIA to DETROIT ........ $ 6.05 
CHICAGO to SALT LAKE CITY ...... . $13.65 
DENVER ONEWYORKM:......2682.°'. SRA 
SAN FRANCISCO to SOUTH BEND .... . $21.05 
PROP TO GEATILE 24s se tec ce es SO 


AIR LINES 


® 


per 100 pounds * 


* These are the rates for many commodities. They are often 
lower for larger shipments. Rates shown are for informa- 
tion only, are subject to change, and do not include the 
3% federal tax on domestic shipments. 








LOW RATES are only part of the 
story. United’s speed and 80- 
market coverage on both passenger 
and all-cargo planes offer distinct 
competitive advantages. 


IT COSTS NO MORE FOR EXTRA DEPENDABILITY—ON UNITED, THE RADAR LINE 


For service, information or free Air Freight book'et, call the nearest United Air Lines Representative 
or write Cargo Sales Division, United Air Lines, 36 South Wabash Avenue, Chicago 3, I!linois 


NOVEMBER 1958 


Circle 164 on page 17 





ANY TYPE TERMINAL 
for RADIO, TELEVISION, 
COMMUNICATIONS 
and ELECTRONIC 
APPLICATIONS 


Malco supplies terminals 
for all standard and spe- 
cial requirements. Send 
blueprint or specifications 
for specific information 


and prompt quotation. 


REQUEST 
BULLETIN 
552 


Po = = 





Malo Wa and MANUFACTURING CO. 





4021 W. LAKE ST. © CHICAGO 24, ILL. 
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sistance of each device is 0.08 ohm. 
while typical drive voltage is 1.3 
volts at 5 amp collector current. 
Texas Instruments, Inc.. P. O. Box 
312. Dallas. Tex. > 484 


OIL IMMERSION HEATER 


Longitudinal finned tubing increase- 
heat transfer surface area to permit 
higher kw in shorter length immersion 
heaters for heating oil. wax and other 


# 


heat transfer fluids. Steel finned tubing 
is welded to 3 in., 300 lb steel flange 

Resistance heating elements are in- 
serted in refractories and packed in 
additional powdered refractory to as 
sure max heat transfer up to 600 F 
Supplied complete with 6 in. sq ft out 
let box and available in 3-phase, 240. 
480 and 550 volts. Trent. Ine., 21] 
Leverington Avenue. Philadelphia 


Pa. —>485 


SUBMINIATURE CRYSTAL 

Crystal is packaged in popular Mili- 
tary case, HC 18/u, with crystal wafer 
suspended between the two terminals 
Crystal itself is unusually small and 


special techniques have been developed 
to handle the tiny pieces. 

Operative from 300 ke to 125 me 
and designed for use in frequency 
control and filter applications. Sherold 
Crystals, Inc., 1512 McGee Traffieway. 


Kansas City. Mo. ~>486 


MINIATURE EDGEWISE 
PANEL METER 


Model 120 will fit into the most  re- 
stricted area, yet gives readability, 
performance and reliability of conven- 
tional 21% in. sizes. 


Weighing only 4 oz. it fits a panel 
hole "46 x 1'%e6 in. Meter incorporates 
a self-shielded Bar-Ring magnet, and 
is not affected by magnetic panels 
Has a high torque, rugged and accu- 
rate movement. The Triplett Electrical 
Instrument Co.. Bluffton. Ohio. -—>4g7 


HIGH-FLOW, 
TWO-WAY VALVES 


L. Series valves with *4 in. and 1 in 
diam orifices operate on a_ pressure 
differential of 5 to 150 psi and are 
available in standard and explosion 
proof construction, normally open or 
normally closed. Mount directly to a 


line in any position and can be serv 

iced without removal. 
Unusual diaphragm. 

supported in both open and closed 


completely 


assures long. trouble-free 
life. Soft, synthetic inserts provide 
bubble-tight operation. 

Forged naval brass body provide- 
a dense metal structure. All internal 
metal parts are stainless steel. Skin- 
ner Electric Valve Div., Skinner 
Chuck Company, 105 Edgewood Ave.. 
New Britain. Conn. ~>488 


positions, 


PUMP AND MOTOR 


Custom-engineered pump and motor 
combination is designed to operate 
from a 12 volt battery. 

Incorporates a_ specially-designed 
motor into a rotary-gear pump, pro 


which 
takes up no more space and weighs 
no more than a conventional electric 
motor. 

Measuring only 3%6 x 7%e6 in., 
Model AKX is rated for 30 cu in. 


ducing a combination unit 
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Rigidity, simplicity and quietness are built-in 


features of Delco 48-frame motors 


Everything extra that Delco builds into its motors i to make your product more 


reliable, more efficient. Furthermore, it helps to establish and maintain your reputation 
as a dependable manufacturer. This is good enough reason to make a wise choice in the 
motors you buy for your product. To help you make this choice Delco lists just a few 
of the extras that have made its 48-frame motor so popular with product manufacturers. 
\) EXTRA rigid end frames are sturdy die castings with heavy structural ribbing. Every 
Delco motor is rock-rigid with perfect shaft and bearing alignment. 
EXTRA simple starting switch consists of only three parts. This quiet, positive-action 
unit requires no lubrication, and cuts switch maintenance to a minimum. 
EXTRA quiet operation and long bearing life are provided by Delco’s special lubri- 
cation system. A fluid compound of cellulose fibers and oil, containing 85% oil, 
keeps the bearing in a constant bath of lubricant. 
These three features add up to more motor for your money and long, trouble-free oper- 
ation for your product. Contact your Delco Products Sales Office soon and get full 
information on Delco’s complete line of motors. 
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MOTORS 


Delco Products 
Division of General Motors, Dayton, Ohio 
APPLIANCE MOTORS 
INDUSTRIAL MOTORS 
HERMETIC MOTORS AND CONTROLS 


GENERATORS 





STROMBERG-CARLSON 
Type “A” Relays 
with 
Plug-in mountings 


For fast, easy removal and replace- 
ment you can get Stromberg-Carlson 
Type “A” Relays with plug-in 
mountings. 

The Stromberg-Carlson Plug (il- 
lustrated above) automatically locks 
the relay in place and guarantees a 
low-resistance connection between 
plug and socket. Its 36 terminals 
provide enough connections for prac- 
tically all relay applications. Coils 
and contacts are wired to terminals 
as your needs dictate. Contacts can 
be furnished in silver, palladium, 
gold alloy or palladium-silver alloy. 

Spring combinations possible with 
this assembly are 17 Form A or Form 
B; 10 Form C or Form D. 

Also available in an “A” Relay is 
a plug used with commercial radio 
type sockets. It can mount relays 
with 8, 9, 12 or 20 
connections. 

For technical de- 
tails and ordering 
information, send 
for Bulletin T- cna 
5000R, available on c 
request. Write to: 


sc 
a 


RELAYS 


Senge 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
117. Carlson Road, Rochester 3, N. Y. 


Electronic and communication products 
for home, industry and defense 
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per min at 500 psi and has a rating 
of 4g hp. Uses 10-W lubricating oil 
as a hydraulic fluid. Operating tem- 
peratures can be up to 200 F. Tuthill 
Pump Co.. 939 E. 95th St., Chicago, 


Hil. ~>489 


MINIATURE TWIN-T FILTERS 
Miniature twin-T filters suitable for 
mounting on printed-circuit boards are 
encapsulated for max stability under 
extreme environmental conditions. At- 


tenuation at null frequency is said to 
be 50 db or more. 

Standard null frequencies are 30. 
60. 120. 400 and 800 cps. Impedance 
levels range from 53 k to 850 k ohms. 

Cylindrical package is 46 in. in 
diam and 1% in. long. Three No. 18 
solid copper tinned leads used for 
mounting. Spacing between adjacent 
leads 0.4 in. TT Electronics, Inc.. 
Box 180. Culver City, Calif. ->490 


LOW-TEMPERATURE 
SILICON REFERENCES 


Silicon voltage references with low 

temperature coefficients are available 

in axial lead 2-watt package. 
Suited for 


limited-space regulator 


cx 


circuits. units have temperature co- 
eficients as low as 0.001 per cent per 
stable 
operating 
+100 C. 

Each reference consists of hermet- 


deg C. Provide a reference 


voltage over range from 

55 to 
ically-sealed glass diodes and may 
be operated in any position without 
Transitron  Elec- 
tronic Corp.. Wakefield, Mass. -»49] 


voltage variation. 


SWITCHING MAT 

Mat consists of a grid of Contaflex 
strip switches interconnected and 
sealed between flexible vinyl sheets. 
Resulting product is less than 46 in. 


~i pm 


thick, flexible and durable. 

May be used exposed or placed 
under any rug or runner. Unaffected 
by moisture, and is rugged enough to 
withstand repeated hammer blows on 
elements. 

Useful for all annunciator, alarm 
and controlling applications, and is 
supplied in 23 in. width to any length, 
as well as in form shown, which is 
23 in. x 16 in. Tapeswitch Company 
of America, 116-46 228th St.. Cambria 
Heights 11, N. Y. ~>492 


TRANSISTORIZED 

SERVO AMPLIFIER 

Model No. 1800-3100 provides 8 w 
controlled power; voltage gain can be 
adjusted from 100 to 1500 by selec- 
tion of a single resistor. Has a nom 
input impedance of 10 k ohms and 


provides 25 volts rms at 60 «ps into 
j95 ohms. 
Internal 90 deg phase shift eliminates 


a motor impedance of 97 


need for separate phase shift in 
fixed phase of motor winding. 
Unit. which is approx 4 in. high 
x 35% in. wide x 3% in. deep, 
weighs 1 lb and utilizes a 7-pin min- 
iature plug-in or turret connector. 
Power requirements of -+-28 volts 
d-c at 1 amp for max output can be 
provided by plugging into companion 
power supply. No. 1804-0100. M. Ten 


Bosch, Inc., Pleasantville. N. Y.-»493 


FAN BLOWER 

WHEEL FASTENER 

Series of Speed Clips is designed for 
dynamic 
wheels. 


balancing of fan _ blower 
Available in 3.5. 7, 14 and 


.§ Bx 
~ > 


‘ 
Zz) 
A 

Bo \\ \ 4% 


28-grain weights, clips are snapped 
by hand over fan blades, where they 
retain themselves under spring ten- 
sion. Will not jar or vibrate loose, 
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TAPE WOUND CENTRICORES 
PROVIDE THERMAL STABILITY... 


Cores which remain matched 
over a wide temperature range 
prove a real help to the designer 
of magnetic amplifiers who must 
contend with ever increasing 
variations in temperature envir- 
onment. 


> BULLETIN D7 


STAMPED RING LAMINATIONS 
IN PHENOLIC OR 
ALUMINUM ENCASEMENTS .. . 


Stamped ring laminations are 
processed from alloy strip .002” 
or heavier; also available in 
etched magnetic parts less than 
.001” in thickness. 


> BULLETIN C1 


DU LAMINATIONS 


MASS PRODUCED, PRECISION MADE... 


e MORE IMPEDANCE PER TURN 


e GREATER UNIFORMITY FROM CORE-TO-CORE 
e LOWER MAGNETIC CORE RELUCTANCE 


Magnetic Metals Company produces both 
Stamped and tape wound core parts 
for magnetic amplifier applications 


With magnetic amplifiers serving 
a growing diversity of applica- 
tions, the availability of compo- 
nents for various types of core 
construction is of great impor- 
tance to the design engineer. 


e Where sub-miniaturization and 
high sensitivity are required. Cen- 
tricores offer the ultimate in both 
requirements. 


e@ Stamped ring laminations pro- 
vide the mechanical stability and 


DU laminations are available in a variety of 
materials, including Squaremu, Orthonic and 
Squaresil. Stock of DU laminations is main- 
tained in the new, improved Hymu “80”. 


> BULLETIN D1 


resistance to shock demanded in 
industrial control systems. 


e@ Large units for more powerful 
requirements are best served by 
DU laminations for reduction of 
production costs through the use 
of form wound coils. 


All three core types are avail- 
able from Magnetic Metals Com- 
pany—processed to individual 
specifications or from stock of 
standard sizes. 


@ MAGNETIC METALS COMPANY 


ELECTROMAGNETIC CORE PARTS AND SHIELDS « HAYES AVENUE AT 21st ST. « CAMDEN 1, N. J. 
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Packard Radiation Instrument 
Chassis 





Consult ERIE engi- 
neering for a practical 
application of Strip 
Package in your equip- 

ment. For more infor- 
mation, write to Engi- 
neering Department, 
Electro- Mechanical 
Division, Erie Resistor 
Corporation. 


SS 


anufacturing Costs 


STRIP PACKAGE 


sy hom 


ERIE Strip Package Systems for 
custom designed assemblies are 
produced to meet your specific 
requirements while featuring: 


e Automatic clip assembly 
e Automatic connector cutting 
e Automatic component insertion 


e Automatic component soldering 


ERIE Strip Packages are ex- 
tremely flexible, permitting adap- 
tation to many variations of com- 
plex circuitry, resulting in these 
advantages for your equipment: 


e Lower production costs 
e Cleaner chassis 
e Quicker assembly 


e Higher reliability in solder 
connections 


@ Easier servicing 


ERIE supplies the customer’s 
complete component package. 
Many electronic components used 
in the production of the Strip 
Package are manufactured by the 
Erie Electronics Division. Lead- 
off wires cut to customer’s specifi- 
cations. Special mountings avail- 
able. Erie offers pluggable designs 
for printed wiring applications. 








ERIE Strip Package System 








ERIE RESISTOR CORPORATION 


MAIN 


FFICES 


ERIE PA A FACTORIES ERIE PA. © HAWTHORNE CALIF 
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but can be removed and_ re- 
positioned. 


Exactly 


easily 
measured allow 
absolute accuracy in balancing fan 
blower wheels. Tinnerman Products. 
Inc.. P. O. Box 6688, 8700 Brookpark 
Rd., Cleveland 1, Ohio. ~>494 


weights 


MINIATURE POWER 
RESISTORS 


Miniaturized 
power resistors are 
made to applicable 
Cover-wattage 


precision 
and 


Techsilohm 
small in size 
MIL 


range 


specifica- 


) 


tions. from 2, 


Re, 


vi 


have a special sili 


) tes 
” 


3, 5, 7 and 
cone-coated covering. 
Temperature test to 275 C; 
tric test to 1000 volts. Vibration is 
10 to 55 eps with 0.06 excursion. To) 
erances are 0.05, 0.1, 0.25, 0.5 per 
Tech-Ohm Resistor Corp., 36- 
as ty. NYY. >495 


10 w, 


dielec- 


cent. 


11 33rd St., 


DIMPLE MAGNETS 


Complete dimple 
has been designed to meet needs of 
than 60 per of all loud- 
and transceiver applications. 
pole tips or retainers. 


range of magnets 


more cent 
speaker 
Require no 


Design of mag- 
when with 
more so pole 


thus reducing weight. 
nets reduces leakage 
cup 
tips are 

Utilizes 
high-energy 
ergy. Thomas 
East 23 St.. Indianapolis, 


used 
structures, when 
used. 

Alnico 5Cb, an anisotropic 
Alnico offering high en- 
& Skinner, Inc., 1114 


Ind. ->496 


PAPER-BASE LAMINATE 
Grade EP-22 has unusual 
characteristics over a wide 
humidities and temperatures, 
cially designed for printed circuit 
applications and electronic require- 
ments. Possesses very cold flow. 
high flexural and impact strength, and 
can be punched at room temperature. 

Available in sheets and strips in 
thickness range of %e in. through 14 
in., Grade EP-22 is offered in sheets 
36 x 36 in. and 36 x 72 in. Can be 


electrical 
range ol 
is espe- 


low 
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3 8 


8 


current rating—AMPERES 


conductor size—MCM 


Butyl’s outstanding resistance to heat allows considerably 
higher currents for any given conductor size. 
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ENJAY 
BUTYL 


BEST 
WAY 10 

HANDLE 
ELECTRICITY 


Of all vulcanizable rubbers, Enjay Butyl offers the best 
electrical and dielectric properties. Butyl is the ideal ma- 
terial for wire and power cable, transformers, tapes, bus- 
bars and other insulation applications. 

Butyl also offers outstanding resistance to weathering 
and sunlight . . . chemicals . . . abrasion, tear and flexing 

. superior damping properties . . . unmatched imper- 
meability to gases and moisture. 

Find out how this versatile rubber can improve your 
product. Call or write the Enjay Company, today! 


Pioneer in Petrochemicals 


BUTYL 


ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 
Akron: Bostons Charlotte+Chicago* Detroit* Los Angeles* New Orleans+Tulsa 
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CHACE | 
THERMOSTATIC BIMETAL _ 


ACTUATES ANOTHER PRECISION PRODUCT 


THE 
HARPER - WYMAN 
UNI-MATIC 


“FLAME SELECTOR” 


‘ 





This new +5522 Harper ‘Flame Selector’ makes ‘cooking with 
gas”’ more than just a cliché implying efficiency. It combines the 
flexibility of gas flame with the precision of a thermostatic con- 
trol, eliminating scorching and burning, assuring the same opti- 
mum results time after time, once the controls are properly set. 
Even when serving must be delayed, foods are held appetizingly 
ready to eat for considerable periods of time. And the homemaker 
can go about her other tasks, knowing that foods are being cooked 
right — automatically — and that pan washing will be easy. 


The spring supported sensing element makes direct contact with 
the bottom of the pan. When the pan reaches the temperature 
selected, the sensing element signals the control valve and from 
that point on the gas is automatically turned up or down as re- 
quired by changes in pan temperature. In order to avoid the 
effects of fluctuating ambient temperatures as a result of heat 
from other burners in the range,each control contains a special 
precision compensating element of Chace Thermostatic Bimetal. 


Once again Chace provides the precision thermostatic bimetal ele- 
ment on which the efficient operation of a fine appliance may 
depend for many years, without repair, adjustment or attention 
of any kind. And once again, we point out that designers and 
buyers of controls have confidence in our products, safe in the 
knowledge that a third of a century of bimetal development and 
processing backs up every pound we ship. 


Chace Thermostatic Bimetal is available in over 30 types, in strips, 


coils or completely fabricated and assembled elements of cus- 
tomer design. Write for 1958 edition of ‘Successful Applications of 
Chace Thermostatic Bimetal,’’ containing many pages of engi- 
neering data. 


W. M. CHACE CO. 
Thevnostalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 
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furnished with copper cladding on one 
or both sides, in standard foil thick- 
nesses. Facilities for fabricating this 
grade include sawing, drilling, punch- 
ing. turning and other operations. 
Standard color of EP-22 is gray- 
white; standard finish is semi-gloss. 
Flexural strength for 1% in. thick 
sheets, is 20.000 psi, lengthwise and 
16,000 crosswise. Shear strength is 
11,000 psi. Synthane Corp., River Rd., 
Oaks, Pa. ~>497 


TOROIDAL REACTORS 
Toroidal reactors, used in electronic 
equipment in B-58 jet aircraft, are 
encapsulated in compounds based on 
Bakelite epoxy resins. 

This encapsulating material was 
selected because of its superior ther- 


mal conductivity. Provides the neces- 
sary conductivity and surpasses heat 
conduction demands of Armed Forces 
transformer specifications. 

Material adheres well to various 
metal parts of reactor. Fabricating tech- 
niques insure an air- and bubble-free 
product for reliable operation of reac- 
tor coils. Torwico Electronics, Inc., 
1090 Morris Ave., Union, N. J. 498 


MOTOR-GENERATOR 
ADJUSTABLE SPEED DRIVES 


Combining convenience and economy 
of a-c power with versatility of d-c 
power, drives are furnished with stand- 
ard speed ranges up to 8 to 1 by 
armature voltage control. Additional 
speed ranges by armature voltage con- 
trol and by motor field control avail- 
able. 

Available in ratings from 3 to 200 
hp for single or multi-motor applica- 
tions, Convenient arrangement of com- 
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TIMERS...SPECIAL 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Sometimes you need a standard 
model timer... other times you 
need a special. Either way we 
can give you the extra rapid 
service you may need because 
of the efficient way we design, 
manufacture and stock timers 
for industrial applications. 


To meet all of the widely 
varying needs of our customers 
we manufacture a complete line 
of timers in the four broad clas- 
sifications illustrated here: 


1. TIME DELAY TIMERS 

2. INTERVAL TIMERS 

3. RE-CYCLING TIMERS 

4. RUNNING TIME METERS 


From these we have already 
developed 20 basic types which 
can be combined in endless 
number of ways . . . to date, 
our engineers have combined 
them into over 1000 different 
models. So what might seem to 
be a special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as standard timers are con- 
cerned we can give overnight 
service if necessary. 

So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries “Immediate on Stan- 


dards .. . First on Specials”. 


Timers that Control 


the Pulse Beat of Industry 
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lime Delay 
Timers 























Running Tim 
Meters 





Timers 


TIME-O7 








AFFILIATE—LINE ELECTRIC COMPANY 


DUSTRI 


TIMER | 


DELIVERY 


Speed up your 
automatic 

control projects — 
profit by our 
timing application 
experience 


No need to let timing problems 
delay you in your automatic 
control projects when you can 
place them with us and get 
faster solutions. Even though 
no two automatic control jobs 
are ever exactly alike, and even 
though the timer requirements 
of each are very different we 
have established an excellent 
record in helping out in these 
Situations. 

20 years of experience in an- 
alyzing complex timer applica- 
tions has provided us with the 
special knowledge required to 
give our customers the right an- 
swer In near-record time. 

Our large stock of standard 
and combination timers enables 
us very often to fill orders for 
these requirements without any 
time loss because we have al- 
ready developed so many new 
combinations specifically for 
automatic control functions. 

Extra special automatic con- 
trol timer — this calls for 
Original designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it. 

Whatever your control prob- 
lem, you have everything to 
gain by submitting it to our 
timer specialists. They'll come 
up with the answer — almost 
with the speed of automatic 
control itself. 


INDUSTRIAL TIMER CORPORATION 


1411 McCARTER HIGHWAY, NEWARK 4, N. J. 
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SMALLEST 24 


® 


ROTARY 
SELECTOR 


SWITCH 





light.:;only 3-1/2 oz. — small...only 1-3/8” x 2-29/32” 


| These circuit selectors or stepping relays, model BD2, per- 
| form dependable, remote switching jobs such as, stepping 
|... counting... programming... circuit selecting . . . 
| sequencing . . . and homing. 


check these features: Small and light . . . the four wafer selec- 
tor switch is only 15” wide, 27%2” long and weighs only 3% 

oz... . available with 1, 2, 3, or 4 switch wafers... 12 

positions with silver alloy contacts . . . 12 position floating 

ratchets . . . anti-overthrow latch . . . flange mounting 

. . a choice of ratings from 3 to 300 volts D.C. . . . avail- 

able in hermetically sealed models . . . and designed to 

meet all applicable environmental tests of MIL-E-5272B. 


& 


immediate delivery from stock of standard model, 
part No. S-10019-004...3 pole, 12 throw switch- 
ing, 12 position, notch homing, self-interrupted, 28 
volts &.C., flange mounting 


/ 
ZZ aly. «+ for engineering and stock model 


information ... Bulletins 55882 and 558ST2 


123 WEBSTER ST., DAYTON 2, OHIO 


eeeeeoeeeeeeeeeeeeeeeeeeeeeeenenenene ee 
IN CANADA: Marsland Eng. Ltd., Kitchener, Ontario 
IN EUROPE: N.S.F. Ltd. 31-32, Alfred Place, London, England 
N.S.F. GmbH, Further Strasse 101a, Nurnberg, Germany 
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ponents and pre-wired terminals for 
all user connections simplify installa- 
tion. 

Drives available with modifications 
for use with machine tools. test stands 
conveyors, and other types of continu- 
uous process lines. Square D Co., 4041 
No. Richards Street. Milwaukee 12. 
Wise. -~>499 


SPEED INDICATING SYSTEM 


Speed indicating system combines d- 
tachometer generator with accurate 
4144 in. panel-mounted meter to give 
full-scale speed indications ranging 
from 100 to 12.000 rpm. 


Generator and indicator are con- 
nected by a low-voltage cable that can 
be as long as 500 ft without affecting 
system accuracy. Use of a permanent 
magnet generator eliminates need for 
batteries, external power. periodic cal- 
ibration. Servo-Tek Products Co.. 1086 
Goffle Rd.. Hawthorne. N. J >500 


SERVO COMPONENTS 
IN TURRET PACKAGES 


Unlike rotating component packages 
which line up components end-to-end, 
turret concept requires less volume, 
is better suited to environmental con- 
ditions, and permits greater flexibility 
of use. For example, motor can drive 
more than one component, each at 
same or different gear ratios, and out- 
put shaft makes possible easy connec- 
tion to other components or sub- 
assemblies. 

Illustration shows a typical turret 
package containing a size 11 motor- 
tachometer, a gearhead and a _ poten- 
tiometer. all encased in a package less 
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WALDES TRUARC 
SERIES 5139 RETAINING RING* 


application: external for shafts 


range: 


*U. S. Pat. No. 2,755,698 


3/32” through 7/16” 


Rings replace cotter pins, 
spring-washers; save 68, 


Mason-Neilan Division of Worthington Corp., 
Norwood, Mass., uses two Waldes Truarc 
Series 5139 Prong-Lock rings on its pressure 
controller to secure pivots through which a 
right angle micrometer adjustment screw 
passes. Each ring replaces hairpin-type cot- 


ter pin and bowed washer... provides neces- 


sary tension to prevent adjustment screw 
from shifting. Manufacturing costs were re- 
duced by $68 per 1,000 units. 


Whatever you make, there’s a Waldes Truarc Ring designed 
to save you material, machining and labor costs, and to 
improve the functioning of your product. 


In Truarc, you get: 


Statistically Controlled Quality from engineering and raw 
materials to the finished product. Every step in manufac- 
ture watched and checked in Waldes’ own modern plant. 


Complete Selection: 36 functionally different types. As 
many as 97 standard sizes within a ring type. 5 metal 
specifications and 14 different finishes. All types available 


— 


WALDES 


After radial application, the Waldes Truarc Prong-Lock 
retaining ring locks and holds securely in its groove by 
means of two prongs. Because of its resistance to radial 
displacement, the ring may be used as a shoulder for 
rotating parts. Thrust-load capacity ranges from 80 to 
700 Ibs. for sizes from 3/32” to 7/16”. Bowed con- 
struction provides end-play take-up, often eliminating 
springs, washers and accessory devices. 


Ring replaces locknut, 
eases control 
calibration 


On a differential pressure control 
mechanism, Taylor Instrument 
Companies, Rochester, N. Y., re- 
placed a locknut and eliminated a 
costly threading operation with a 
series 5139 Prong-Lock ring. Also 
eliminated is the loosening and 
tightening of the locknut before 
and after each calibration setting. 
Spring action of the ring securely 
holds the calibration setting. 


quickly from leading OEM distributors in 90 stocking points 
throughout the U. S. and Canada. 


Field Engineering Service: More than 30 engineering: 
minded factory representatives and 700 field men are at 
your call. 


Design and Engineering Service not only helps you select 
the proper type of ring for your purpose, but also helps you 
use it most efficiently. Send us your blueprints today... 
let our Truarc engineers help you solve design, assembly 


and production problems. . . without obligation. 
8.1 


Waldes Kohinoor, Inc., Long Island City 1, N. Y. 


Please send me additional information and engineer- 


{ ® ing data for the Truarc Prong-Lock Ring, Series 5139. 
a ; ame 
= Y 
7, ee . = 
‘ i Company____ a 


RETAINING RINGS 


WALDES KOHINOOR, 


INC., LONG ISLAND CITY 1, N. Y. 


Business Address 


Consult the Yellow Pages of your Telephone Directory for name of Local Truarc Factory Representative 
and Authorized Distributor. Look under ‘Retaining Rings” or ‘‘Rings, Retaining.” ©1958 Waldes Kohinoor, Inc. 


NOVEMBER 1958 
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SIZE 11 RESOLVER 
REACHES NEW STANDARD 
OF ACCURACY 


0.03% TOTAL FUNCTIONAL ERROR 


Missile guidance today requires more accurate 
Function Generators, Data Transmitters and Phase Shifters. 
The DIEHL Size 11 Resolver is an answer to these problems. 
DIEHL engineering and exceptional manufacturing methods insure a 
uniformity of product with a great percentage of the total production 
well within the 0.03% Total Functional Error. DIEHL defines percentage 
of Total Functional Error (T.F.E.) as: theoretical sine minus Actual 
Reading divided by sine 90° multiplied by 100. 
A recent statistical check of one standard DIEHL resolver shows: 


74% with T.F.E. less than 0.020% 

22% with T.F.E. from .... 0.020% to 0.025% 

4% with T.F.E. from : 0.025% to 0.03% 
This kind of quality eliminates the risk of culling special units from 
regular production. 
All DIEHL standard units are available within 10 days. We invite your 
inquiries. 


* 


\ Electrical Division of THE SINGER MANUFACTURING COMPANY 
\ J Finderne Plant, SOMERVILLE, N. J. 
Other available components: 
A.C. SERVOMOTORS «+ A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
A.C. SERVOMOTORS WITH D.C. TACHOMETERS °* A.C. AND D.C, TACHOMETERS 
D.C. SERVO SETS * RESOLVERS 
* A Trademark of DIEHL MANUFACTURING COMPANY 


‘piel \ DIEHL MANUFACTURING COMPANY 


Circle 175 on page 17 


4 


than 5 in. long, with a nominal OD 
of 214 in. Other servo components can 
be added as needed. Servomechanisms, 
Inc., Mechatrol Div.. 1200 Prospect 
Ave., Westbury, N. Y. >501 


INSTRUMENT 

BALL BEARINGS 

Type TWF bearings are of thin- 
section design. made in 12 sizes with 
bores ranging from 5 through 3%e6 
in. Integral shields formed by extend- 
ing lands of inner and outer rings 
to within a few thousandths of an 


“a 
inch of each other. Resulting close- 
clearance annulus fills with lubricant 
to function as effective seal without 
friction of contact seals. 

Ball races are of deep groove type 
with continuous shoulders. No filling 
slots employed, allowing full utiliza- 
tion of potential thrust capacity. 

Because full ball complements are 
used, bearings offer max radial and 
2-directional thrust capacity possible. 
Closely-spaced balls make _ bearing 
suitable where high static capacity 
is required, or where there is oscil- 
lating movement. Split Ballbearing 


Div. MPB Inc., Lebanon, N. H. 502 


PREDETERMINING COUNTER 


Tally-Count controls batching, ma- 
chine cycling, sorting, materials han- 
dling. packaging and unit flow at 
speeds higher than 100 per sec. 
Counter may be actuated by relay, 
photoelectric control, micro-switch or 
toggle switch. Counting capacity of a 
1-decade unit (used as a_ predeter- 
mining counter) is 10,000. As a total- 


@ INONVIDUAL PLUG-IN DECADE 
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Twist wires... dip in solder 


\ 
, 
\ 
\ 
\ 


Anaconda’s Analac* film-insulated, solder- 
able magnet wire can be used just as you use 
Formvar or Plain Enamel—except that it is 
solderable without stripping! 

Saves time and money wherever many sol- 
dered connections are to be made. Soldering 
by dipping, iron or gun produces a perfect 
joint. 

Performs well in high-speed winding. Analac 
has the excellent abrasion-resistance and 
other good mechanical properties of the 
enamel wire you're now using. 


See the Man from 


ANACONDA 


joint is complete without stripping wire with Analac! 


Distinctive red color simplifies identification 
. is highly visible, helping operators turn 

out higher quality work. Color is stable dve 

used for identical applications for vears. 


Available in exceptionally wide range of sizes. 


The Man from Anaconda can give vou more 
information and help with a production run 
in your plant. See “Anaconda” in your phone 
book—in most principal cities—or write: 
Anaconda Wire & Cable Company, Magnet 
Wire Headquarters, Muskegon, Michigan. 


U. S. Pa 


Anaconda Wire & Cable Company 
Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on Analac ready- 


to-solder magnet wire. 
NAME & TITLE 
COMPANY 

ADDRESS 


for ready-to-solder 
NEW eng seg ON ANALAC 


Analac : 


magnet wire Oe some 


CITY, ZONE, STATE 
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izing counter, with 4 decades and 4- 
digit mechanical register, counting 
capacity is 1,000,000. 
Toggle switch on panel permits 
lock-in ol control relay. Release can 
BOESCH 


BW2 BOBBIN winder then be made manually at panel, or 


automatically from remote point. 
Standard Instrument Corp., 657 


Bdwy., New York 12, N. Y. >503 


COMMUNICATIONS 
MICROPHONE 


Model “Ten-Four” communications 
microphone is encased in new, syn- 
thetic resin tough enough to survive 
weight of a load-bearing truck. Weighs 
about half as much as a standard, die 


* improved 
* faster 
* fully automatic 


rugged, versatile, high speed winder for 
bobbins, solenoids, resistors, relays and 
other random-wound coils. 


W rite for bulletin BW 2 today! 


bs Tol tle oti) Eb ehtbe-1e nebo bel-al Orem Golem BT-belel tb a aml Ole) ob eB 
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another aN Ps é cast metal microphone, won't chip or 
wonderful ~~, 4 crack in normal use, and is impervious 
; ' to grease, salt spray and other cor- 


rosive chemicals. 

Case is made of “Armo-Dur,” a 
thermoplastic resin similar to sub- 
stances used in football helmets and 
artillery shell casings. Shure Brothers, 
Inc.. 222 Hartrevy Avenue. Evanston. 


Il. >504 


FEATHERWEIGHT LOCKNU 
GRC’s UNIQUE AUTOMATIC th 72 per of the coe 
METHODS INSERT THREADED SC), sous nce u's oA 


tary electronics equipment can_ be 


tomaticall 2 5 
PIECES WIRES even CONTINUO ae perro saved with featherweight locknut FN- 
2 is -h lighter in some sizes 
’ . se ialalitati tala 12. Nut is much lighter in some sizes, 
yet just as strong, as widely used 


? Assembly, the core is 
ELEMENTS, RIGHT IN THE ‘remrseentmuenty | sheet metal (NAS-679) and AN-series 


onto 6 strands of nuts it is designed to replace. 
music wire, 3 on 3 . ° 
LE each side Uses min amount of metal needed 
to develop its rated ultimate tensile 
In the second cycle . or ¥ 3 
Fast . . . economical, GRC’s exclusive automatic machines the nylon insulating strength of 125,000 psi. Can be used 
jacket is molded 
4 automatically and 
plastic moldings, assure uniformity, eliminate ccntinuously . . 
assembly . . . make possible entirely new right onto the die 
cast core and 
wire inserts 


insert elements in zine alloy die castings . . . in thermo- 


designs . . . cut labor and costs. 


Write for bulletins, send prints for quotation. 
No size is too small! Maximums: 


Zine Alloy 1%”, V2 oz. Plastic 114”, .03 ox. Se 
ry 


GRIES REPRODUCER CORP. 


World’s Foremost Producer of Small Die Castings 
149 Beechwood Ave., New Rochelle, N. Y. @ NEw Rochelle 3-8600 
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HICKERS. 
Grain-Oriented"” 


RECTIFIERS 


GRAIN-ORIENTED SELENIUM 


a new type of selenium for. . . 


Higher Current Ratings 


without overloading 


ORDINARY mw . ‘ @. Lower Cost 


per Watt Output 


These new rectifiers by Vickers represent a 
major “break-through” in selenium rectifier 
development. Using special equipment and 
quality control processes, Vickers engineers 
have developed a polycrystalline selenium layer 
‘es a with grains oriented, rather than the random 
New 48-page Bulletin 3110-1 gives complete information on new Vickers . : ae : ca 

' se aed ; a pattern found in conventional selenium layers. 
Grain-Oriented selenium rectifiers. Includes con- TI ; ki : 

° * ‘ ” > res . > * - rw « . y 2 > 
struction details, charts, photographs, performance eae t: more wor a > rysta " greater 
characteristics, dimensions, uniformity and better rectifying performance 
suggested applications and - per square inch of cell area. 
other helpful data. Please Selenwum 


send your request on letter- RECTIFIERS ¥ E , cs " 
rae current ratings without increase in cell size, 
lead, 


This improved rectifier provides increase in 


gives more watts of output per dollar invested. 
You save both on initial cost and operating 
cost with the new Vickers Grain- Oriented 
st iensseaes selenium rectifiers— available in cell ratings 


es a of 18 to 36 volts. 





EPA 3110-3 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


[803 LOCUST STREET +« SAINT LOUIS 3, MTSSOURS 
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like Kester Solder, Fred, “When it comes to rigid alluy qual- 
ding up those production ity control, George, you have to 
jobs.” hand it to Kester Solder.” 


yy 
+ 


“Been using Kester for almost half “I like the way Kester Solder goes 
a century, Tom.” to work, Harry. It’s always fast, neat, 
economical.” 


“The Technical and Engineering “We have no trouble with inspec- 
Service at Kester is a great help in tion rejects now, Bill, since we 
licking production problems, Bob.” switched to Kester Solder.” 


HOW THE WORD 
GETS AROUND! 


You hear comments like these 
everywhere plant men get together 
to “talk shop.” It’s a fact . . . there’s 
no product quite like Kester Flux- 
Core Solder. And that’s why you 
see it used everywhere. 


SEND FOR “Solder... Its Fundamentals 


and Usage,” the 78-page Kester textbook. It’s free. 


ESTER SULDE 


4209 Wrightwood Avenue, Chicago 339, Illinois 
Newark 5S, New Jersey ¢* Brantford, Canada 
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with aircraft) tension and shear bolts 
in structural and sheet metal assem- 
blies. bulkhead mountings of major 
components and in airframe and _air- 
craft) engine applications. Standard 
Pressed Steel Co.. Box 901, Jenkin- 
town. Penn >505 


BAROMETRIC ALTITUDE 
CONTROLLER 


Type BAC 501-2 is sensitive to minute 
variations in static pressure, main- 
tains an aircraft at a constant baro- 


metric altitude. Operates in range of 
trom 1000 to +-60.000 ft. 

Unit is sensitive to +215 ft at sea 
level. At 60.000 ft of altitude, this 
represents a sensitivity of +25 ft. 
Construction isolates gear train and 
cam linkage mechanism from = distor- 
tions which might be introduced by 
air frame. Uses hardened stainless-steel 
gearing, sapphire cam surfaces and 
individually balanced moving parts. 
Servomechanisms, Inc., 12500 Aviation 


Blvd., Hawthorne. Calif. ~>506 


PRESSURE SWITCH 


Pressure switch for high-pressure hy- 
draulic systems has pressure range 
adjustable from 550 to 5000 psi. 
Incorporates a strain-relief’ mechan- 
ism to prevent damage from shock of 
violent pressure surges. Oil-tight con- 
struction prevents oil leakage into the 
enclosure. Operating rates of up to 
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eset mie 


How CDF Di-Clad' 
can solve your 
printed-circuit 

problems 


The CDF line of copper-clad laminates in all grades 
is now known by a new name—Di-Clad. Di-Clad 
grades meet the varying needs of design, production, 
and operation of electronic equipment. Grades other 
than those described are also available. 


Di-Clad 28E. For high mechanical strength, low 
moisture-absorption, and good insulation resistance, 
CDF Di-Clad laminates of epoxy resin laminated 
with glass fabric offer the designer a strong, reliable 
combination. 


Di-Clad 112T. A Teflon* glass-fabric laminate offer- 
ing the best dielectric properties over a wide tem- 
perature and frequency range. 


Send us your requirements and let our engineers 
help you select the right grade for your application. 


+Trademark of Continental-Diamond Fibre Corporation 
*Du Pont trademark for its tetrafluoroethylene resin. 


Di-Clad 2350. An economy paper-base phenolic grade having good tensile, CONTINENTAL- DIAMO ND FIBRE 
flexural, compressive, and impact strength. Adequate for most non-critical 
printed-circuit applications. Can be cold punched and sheared up to 5/64 
of an inch in thickness. A SUBSIDIARY OF THE Raith COMPANY « NEWARK 13, DEL. 





TYPICAL Di-Clad PROPERTY VALUES 





Di-Clad 26 Di-Clad 28 Di-Clad 28E Di-Clad 112T 
Di-Clad 2350 (NEMA XXXP) (NEMA XXXP) (NEMA G-10) Teflon* 





BOND STRENGTH—0.0014” foil (Ibs. read. 6 to 10 6 to 10 6 to 10 8 to 12 4008 
to separate 1”’ width of foil from laminate) 





120 : 1 20 | 120 150 ; 200 
TEMPERATURE (Deg. C.) 

DIELECTRIC STRENGTH (Maximum voltage 800 900 850 650 
per mil for 1/16” thickness) | 


INSULATION RESISTANCE (Megohms) 96 500 150,000 | 600,000 100,000 75,000 
hrs. at 35°C. & 90% RH (ASTM D257, Fig. 3) } 


DIELECTRIC CONSTANT 10° Cycles 4.5 4.0 3.6 4.9 2.6 
DISSIPATION FACTOR 10° Cycles 
ARC-RESISTANCE (Seconds) | 5 10 10 130 180 





0.040 0.026 0.027 0.019 0.0015 


TENSILE STRENGTH (psi.) 18,000 16,000 12,000 48,000 23,000 


FLEXURAL STRENGTH (psi) | 27,000 21,000 | 18,000 70,000 13,000 

IZOD IMPACT STRENGTH edgewise | 0.80 0.45 0.42 12.0 6.0 
(ft. Ibs. per inch of notch) | 

COMPRESSIVE STRENGTH flatwise (psi.) 


32,000 28,000 25,000 


62,000 20,000 


BASE MATERIAL OF LAMINATE Paper Paper Medium-weave, Fine-weave, 
medium-weight medium-weight 
glass cloth glass cloth 


COLOR OF UNCLAD LAMINATE Natural | Natural 


greenish 





Natural | Natural Natural 





All these standard grades are available with 0.0014” and 0.0028” or thicker electrolytic or rolled copper foil on one or both 
surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order 











*Du Pont Trademark 
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BORTHIG 


INSULATING VARNISHES 


For every need and application 
There is a Borthig Insulating Varnish specifically made 
for every O.E.M. and Motor Service Shop need. And, 


as it is made by Borthig, you know it is the best. 


BORTHIG BAKING VARNISHES 


Number K-252 Clear Synthetic Baking Varnish (130° C.): A 
modern, general purpose baking varnish that has proved its 
worth over the years to both O.E.M. and Motor Service Shops. 
Number 3829 Epoxy Baking Varnish (155° C.): A conventional 
type, clear, thermo-setting baking varnish that requires no 
activator. 





MOLDING AND ENCAPSULATION COMPOUNDS 

Number 3901 Epoxy Baking Varnish: A clear, quick baking 
varnish ideal for surface applications such as printed circuits. 
Number 3900 Airdrying Epoxy Varnish: For use where baking 
facilities are not available or not necessary. 

Number 911 Clear Epoxy Compound: Cures to a solid mass at 
room temperature by the addition of an activator. 


Number 917 Epoxy Compound (gray): Cures with addition of 
activator. Good impact strength and thermal shock char- 
acteristics. 


Number 1956 Thixotropic Paste: An Epoxy Paste with really 
tenacious adhesive qualities. 





AIR DRYING AND FINISHING TYPE VARNISHES 


Number 306 Black Synthetic Airdry and Number 356 Clear 
Synthetic Airdry: Where baking facilities are not available or 
for. application to shallow coils where deep penetration is 
not essential. 


Number 400 Red Insulating Varnish; Number 308 Black In- 
sulating Varnish and Number 301 Black Oil Proof Varnish: 
Protective coating varnishes which can be applied over pre- 
viously treated motor and transformer units as additional 
protection. 





STATOR AND MASKING COMPOUNDS 


Number 629-A Red Stator Compound: For application to 
stator windings for protection against abrasion and corrosion. 
Number 613 Red Masking Compound: A special stripping 
compound to protect metal surfaces during the varnishing 
process. 

There are other Borthig Insulating Varnishes and Compounds 
for special applications. 


Solved Problems Are Another Product We Deliver. 


EORGE C. BORTHIG CO., INC. 


ZS Iaaitiig Varnishes 


EAST RUTHERFORD 6, NEW JERSEY DRAWER 115 
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300 per min are possible. Square D 
Co., 4041 N. Richards St., Milwaukee 
12, Wisc. ~>507 


RMS TO D-C CONVERTER 


Model 1240 features a true rms con- 
version accuracy of +0.1 per cent, 
with high input impedance, 0.5 se 
time response. 50 cps to 10 ke fre- 


a 
@- ° « cs 


quency response, and long term sta- 
bility for a-c inputs regardless of 
wave form. 

Available for production _ testing 
with full scale ranges of 0.1, 0.3, 1. 
3, 10, 30, 100 and 300 selected by one 
control. Output for each full scale is 
either 3 or 10 volts d-c with less than 
10 ohms output impedance. 

Suited for driving a meter or analog 
recorder, use in data processing sys- 
tems, or combined with a d-c digital 
voltmeter to operate as a +0.1 per 
cent true rms a-c voltmeter. Systron 
Corp., 2090 Concord Blvd., Concord. 
Calif. >SO8 


SUBMINIATURE 
INDICATOR LIGHT 
Type 855R Color-Lite projects only 
0.125 in. in front of the panel. May 
be hot-stamped with numbers or let- 
ters as required. 

Using standard No. 327 and 328 


type bulbs that can be replaced from 
behind panel, Type 855R is designed 
for use on aircraft, test equipment, 
medical equipment and panels. Avail- 
able with lenses in 5 standard colors. 

Provides full 180 deg visibility 
though complete indicator projects in 
front of panel only 1% in. The Sloan 


Co., 4101 Burbank Ave... Burbank, 
Calif. >509 


DUAL RANGE THERMOMETER 


Dual range “Therm-O-Meter” Model 
389-3L has a self-shielded core mag- 
net meter movement. Designed for 
measuring temperatures of gas, liquids, 
or solids, its 2 ranges are: a low 
range from —50 to 100 F and a high 
range from 100 to 250 F. 

Can accommodate 3 leads _ simul- 
taneously with separate readings 


ELECTRICAL MANUFACTURING 





The Yoder Company uses Cutler-Hammer 
Motor Control. Type M electric resistance weld tube 
mills automatically form cold rolled steel into pipe 
or tubing at a rate of 35 to 150 feet per minute. 
Cutler-Hammer Control is provided as 

standard equipment. 


—_ 
CUTLER-HAMMER 


a 
CONTROL 
a4 ——— 


Choice of jimi o., 
the leaders rye = ¥ ma an 


Motor Control. The 14-15 
production hobbing ma- 
chine uses Cutler-Hammer 
sali j > . Relays as standard 
. equipment. 





The Atias Car & Mfg. Company uses Cutler-Hammer 
Motor Control. 50 ton, double compartment, 

bottom dump ore transfer cars are equipped with 
Cutler-Hammer Control. 


The Spencer Turbine Company uses Cutler-Hammer Motor You too will find it pays to use Cutler-Hammer Motor 
Control. High volume centrifugal blowers provide the air supply for Control; it installs easier, works better, and lasts longer. 
the aeration tanks at a new sewage plant. Cutler-Hammer For detailed information write Dept. X-231. 

Motor Control is supplied as standard equipment. CUTLER-HAMMER Inc., Milwaukee 1, Wisconsin. 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation, Inc. 
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iH MICRO SWITCH Precision Switches 


Mercury 
Switches 


that solve widely 
different design 
problems 


1 


250 DIA 


} 


New ultra-smal// super-sensitive 
mercury switch AS603A7 


This new switch, designed for vertical gyros, stable 
platforms, missiles and rockets, is the most precise 
mercury switch available. Differential angle —.150° 
max. Mass shift—.085 gm. cm. SPDT. It operates 
reliably at temperatures as low as —65°F. Hermeti- 
cally sealed contacts. Switch is unaffected by water 
vapor, dust, dirt, fungus and corrosive fumes. Rated 
at .225 amps., 30 vac, 400 cps. resistive load. 
Weight—3.5 grams (including leads). Ask for Data 
Sheet No. 153. 











AS417B series small 
~~ general purpose 
=> mercury 

+ switches 


These switches can serve a wide range of applica- 
tions where small size is desirable. Capacity is 3 
amps. 115 volts ac or dc. Can be used for motors or 
solenoids. Low cost. Send for Data Sheet No. 114. 





+ 
a 


This 7MP1-2 mercury switch with- 
stands shock; resists oi/ and water 





Embedded in synthetic rubber and enclosed in a 
nylon can. Resists shock, corrosive fumes, and 
fungus. Unaffected by oil and water. Provides in- 
sulation and a seal for the lead entrance. Operates 
in temperatures from —35° to +200°F. Send for 
Data Sheet No. 144. 


MICRO SWITCH... FREEPORT, ILL. 
A division of Honeywell 
In Canada: Honeywell Controls, Ltd. 
Toronto 17, Ontario 


HH) Hi) Honeywell 
vou |. MICRO SWITCH PRECISION SWITCHES 
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through one selector switch. Readings 
made in a few seconds. Overall ac- 
curacy +3 F in any position; near 
center scale, accuracy is within +2 F 
or better. 

Designed for refrigeration, photo 
processing, air conditioning, heating 
systems and others. Simpson Electric 
Co., 5200 West Kinzie St., Chicago 
44, Il. >510 


TRANSISTORIZED VOLTAGE 
REGULATORS 

Stabiline Types EMT4102 — and 
EMT4102R are 2.0 kva automatic 
voltage regulators having a transistor- 
ized control circuit to detect changes 
in output voltage and supply correc- 


tion voltage to motor-driven power 
circuit. 

Type EMT4102 is a cabinet model 
and type EMT4102 R is a rack model 
Ratings for both are: 115 volt nominal 
output voltage adjustable from 110 
to 120 volts; input voltage range 95 
to 135 volts, 5060 cycle, single-phase; 
load range 0 to 17.5 amp; rated out- 
put 2.0 kva. Correction rate is 0.075 
sec per volt from nominal. Sensitivity 
may be adjusted by user to +1 per 
cent. The Superior Electric Co.. 83 
Laurel St., Bristol, Conn. >S11 


400-CYCLE MOTOR 
ALTERNATOR 


High frequency motor alternator sets 
with 400-cycle alternators which have 
no commutators, slip rings or rotor 
windings have been developed to sup- 
ply power for machine tools, flight 
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PLASTICS NEWSFRONT 





Midget Adding Machine 
New Step in 
Miniaturization 


This telephone-size, 7!4-pound adding machine, the 
Add-Mate, is Underwood Corporation’s newest bid 
to reduce size and weight of business machines. 
Easily portable, it can be slipped into a desk drawer 
or under a counter when not needed. Contributing 
to its compactness and lightness is the attractive, 
two-toned housing of CYMAC SUPER* 201 methyl- 
styrene-acrylonitrile copolymer plastic. 


THE COLORFUL TWO-PIECE HOUSING 

is molded of CYMAC SUPER. Shown above, respectively, It is unaffected by the diester permanent lubricant applied 
are the complete unit, the unit minus the top section, and to the mechanical assembly prior to encasement in the 
the inner sides of the top and bottom sections. CYMAC housing. The transparent, serrated tear-plate, also CYMAC 
SUPER was selected because of its toughness, surface SUPER, and the housing are injection-molded for Under- 
hardness, and resistance to heat, staining and denting. wood by Nosco Plastics, Inc., Erie, Pa. *Trademark 





AMERICAN CYANAMID COMPANY — SYraANAMID 
PLASTICS AND RESINS DIVISION : 


33-D Rockefeller Plaza, New York 20, N. Y. 





In Canada: Cyanamid of Canada Limited, Montreal and Toronto 
Offices in: 
Boston * Charlotte * Chicago « Cincinnati * Cleveland « Dallas + Detroit * Los Angeles * Minneapolis * New York * Oakland « Philadelphia * St. Louis * Seattle 
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simulators, computers, aircratt ground 
support equipment and other applica- 
tions requiring 400-cycle power. 
Built in ratings from 1.5 to 10 kw 
output at a power factor of 80 per 
cent. Motor is designed to operate 
from an a-c power source, 3-phase. 
60 cycle, 120/208 volts. Output is 
115/230 volts single-phase: also 120. - 
208 or 220/440 3-phase. regulation 
+2 per cent. Electrical Div. of Safety 
Industries. Inc., P. O. Box 904, New 
Haven. Conn. >512 


CLUTCH-BRAKE 
Series of clutch-brake combination- 
are furnished as complete units with 
bearings, shaft and mounting stand. 
Units are in Style “SMCB,” Sizes 2. 
3 and 5. 

Both clutch and brake are mag- 
netically set. and can be furnished 


NEW, LOW COST ANSWER TO 


“Over-Relayed’’ 
industrial Controls 


with a common armature splined to 
driving shaft, or with a common hub 
with separate armatures for clutch 
we : and brake, in order to key hub te 

Smaller, requiring less operating power and shaft. 
reasonably priced, Struthers-Dunn 219 Frame Torque ranges run from 25  in.-o7 
Relays are a big aid to economizing complex to 175 in-lb on both clutches and 
industrial panels that are often “over-relayed” brakes. Clutch and brake coils are for 
with larger, more costly contactor-type con- d-c operation and can be wound for 

yates h: es oe ‘ rg any voltages up to and including 90 
or Ce ae BS actuary arena ; volts d-c. Stearns Electric Corp.. 120 
a Accepted standards of insulation include No. Bdwy.. Milwaukee 2, Wise. >513 

spacings of 4” through air; “4” over surface, 

RELAYS and a minimum of 1500 volts AC dielectric 
ra _— test. Other features are long life (20 million 
tock types are : ~}e acti 3 sh: 
oneal alinins tind operations ) ; plastic covers for good mechan- 
DPDT plus two nor- ical protection and easy servicing with plug-in 
mally-open on }2-pin : : ermte ths P "ar 
nt ae cay A construction. Contacts have 10 ampere cur- 
operating coils. rent carrying capacity. Plug and socket com- 
BP agi 2%” binations are the limiting factors on ratings. 

16 i x () : — e 
deep x 2%,” hibh ex- Struthers-Dunn Bulletin 2219 giving full 
clusive of octal plugs. details is available on request. 





VARIABLE TRANSFORMERS 

New design features of Types T2I11 
and T51U include fully threaded 
plated steel insert mounting holes 


STRUTHERS-DUNN, Inc. 


Pitman, N. J. 





Makers of ttle world’s largest selection of relay types 


Sales Engineering Offices in: Atlanta « Boston + Buffalo + Chicago + Cincinnati Type T51U 
Cleveland « Dallas » Dayton + Detroit « Kansas City « Los Angeles » Montreal » New 
Orleans + New York » Pittsburgh + St. Louis « San Francisco + Seattle + Toronto 
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Engineered by Tinnerman... 


Savings pyramided 68% by a 
switch to TINNERMAN SPEED NUTS* 


First, the saving in material on the General Electric 
Dishwasher ...a Tinnerman SPEED Nut brand 
fastener is formed right in a channel stamped from 
high-carbon spring steel. This replaces a costly 
solid steel bar formerly used to mount the pull-out 
basket rollers. 

Next, the Tinnerman SPEED Nut impressions 
are stamped right in the channel; expensive boring 
and tapping of the bar stock are eliminated. 

Third, sheet metal screws hold tight in the 
Spreep Nut, and are easier to start and drive than 
the machine screws formerly used. 

General Electric’s dishwasher production goes 
faster and assembly costs are reduced by the easy- 
to-apply feature of the simplified SPEED Nut part. 
The difference in weight even makes an important 
reduction in freight costs on each carload ship- 
ment of dishwashers. 

What Tinnerman SPEED Nuts accomplished for 
General Electric can probably be done for you. 


A call to your Tinnerman Sales Representative 
will be the start. He’s in the Yellow Pages under 
“Fasteners”. 


Or write to: 


TINN ERMAN PRODUCTS, Inc. 
Dept.12 - P.O. Box 6688 + Cleveland 1, Ohio 


| 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Ltd. Treforest, Wales. FRANCE: Simmonds S.A, 3 rue Salomon de Rothschild, Suresnes (Seine). GERMANY: Mecane-Buady Gmbll, Heidelberg, 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


DUTY 
CLE 





40 














Ou 
Le 





7 





L 


V\ 4 


ro 




















Ss 
SS 


—mM™ 









































T 
' 








45° 


Ww 
°o 
+ 


1s° 





DEGREES ROTARY STROKE 


NOTE: The o#put torque curve may be varied providing the 
area under the @+sired torque curve, when superposed on above 
nomograph, do.g not exceed the area under its minimum average 
torque rectangk:§ This torque rectangle is formed by perpendicular 
lines to torque ad stroke axes from junction of degrees stroke line 
and duty cycle «§rve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces :§ ninimum average torque of 1.9 Ib.-in. 


FEATURES 


NO AXIAL M.BVEMENT OF OUTPUT SHAFT 
THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


EXTREME LO:BS LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION COFS’ERTER 


AVAILABLE WHITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TCOHYUE 


15° to 60° RTARY STROKES AVAILABLE 
PRECISION MACHINED THROUGHOUT 


DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 





Further details from: 


ROLENOID, ‘NC. 
P. O. Box 1124 


Culver City, California 
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‘is in. long, in aluminum bases, to give 
twice as much _ effective thread 
length. Terminal board is mounted 
with lock nuts on a permanently at- 
tached aluminum bracket. A snap- 
on captive rotor gives accessibility 
for easy inspection. 

Interchangeable with W2 and W5 
units. both types have 115 volt input 
and 0-135 volts output. Type T21U 
has a load rating of 0.36 kva and 
rated current of 2.4 amp. Type T5Il 
has a load rating of 0.90 kva and is 
rated at 6.0 amp. Both available in 
multiple ganged assemblies. Standard 
Electrical Products Co., 2240 E. Third 
St.. Dayton, Ohio. >514 


PHASE-SENSITIVE 
PREAMPLIFIER 

Model 450-1200 is a phase-sensitive 
demodulator whose d-c output  volt- 
age is proportional to an in-phase 
component of an a-c signal with re- 
spect to a reference. Accepts outputs 


from resolvers, synchros, differential 
transformers and other transducers. 
Sensitivity is 5 mv (in-phase) to 
produce 1 volt under max output 
load conditions. Frequency response 
is 3 db down at 20 per cent of car- 
rier frequency. Carrier frequency 
filter is selected by a 3-position 
switch (60, 400 or 1000 cycles, with 
5 ke optional). Quadrature rejection 
ratio is better than 100:1, drift is less 
than 0.1 per cent of full scale per 
hr. Operates on 115 volts, 50-400 
eveles. Industrial Div.. Sanborn Co., 
75 Wyman St., Waltham, Mass. -515 


ACTUATOR /INDICATOR 

ROD EXTENSION 

Extension for Model RC _ rotating 
evlinders is designed to actuate limit 
switches and similar control devices 


a 


= 
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Facts to consider when you’re buying 


Chromate Conversion Coatings 


for Corrosion Protection, Paint Base, Decorative Finishing 








® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of a 
nonporous nature on the surface of the metal. This film is an integral part of the metal 
itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or specially 
trained personnel are required. 








If your company is manufacturing or 
buying parts or complete assemblies 
made from or plated with any of the 
more common non-ferrous metals— 
zinc, cadmium, aluminum, magnesium, 
silver, copper, brass or bronze—you’ve 
probably already run up against the 
question of finishing these surfaces with 
a chromate conversion coating. These 
coatings are used to protect against 
corrosion, or to provide a base for paint 
or to provide a decorative finish for 
sales appeal or shelf life. Since chromate 
conversion coatings represent a rela- 
tively new means of obtaining these 
finishes, this digest of facts to consider 
may be of value to you. 


1. THE COATINGS THEMSELVES. 
There are many brands on the market. 
All are similar in many ways. Each, of 
course, offers its own specific advantages 
and these may relate to operating 
techniques, performance under actual 
use conditions, cost, availability, etc. 
Naturally, you'll want to choose a 
coating that is widely known and 
accepted under both military and 
civilian specifications. 


2. THE COMPANY BEHIND THE 
PRODUCT. Is it a reliable, established 
organization? Does it offer experienced 
technical service, both from the field- 
engineering organization as well as the 
home office and laboratories? The man 
who sells and services your installation 
should be thoroughly familiar with not 
only chromate conversion coatings and 
thei applications, but also with the 
characteristics and performance of re- 
lateci finishing operations such as pre- 
cleaning, electroplating, painting, etc. 
This is most important since all steps of 
the finishing cycle must be functioning 
properly for the satisfactory perform- 
anee of the ultimate finish produced. 


3. AVAILABILITY OF THE PRODUCT. 
Ideally, of course, the material should 
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be readily available to you from nearby 
warehouses to avoid time loss in long 
distance shipping and to _ provide 
emergency service, should the need 
arise. 


4. COST. Naturally, the initial price 
of the material is important to you. 
However, just as you consider ultimate 
cost when you are buying mechanical 
equipment, ultimate cost must be con- 
sidered for these finishing chemicals. 
So, it will pay you to investigate con- 
sumption costs, labor costs and the 
other factors which go into the deter- 
mination of ultimate cost. Further, 
cost alone gives no indication of product 
performance, so careful attention must 
be given to the purpose the finish must 
serve and the value that finish will add 
to your product. 


5. FACILITIES FOR RESEARCH AND 
DEVELOPMENT. Perhaps the existing 
types of chromate conversion coatings 
do not include a compound that will 
accomplish exactly what you wish. 
Then, it is important to deal with a 
supplier who has adequate research 
and development facilities available to 
work with you to produce a material to 
meet your needs. Naturally, such a 
project is seldom completed overnight. 
But, with complete cooperation and 
confidence from both you and your 
supplier, chances are a_ satisfactory 
program can be completed. 


These are the concepts of sales and 
service on which we, Allied Research 


Products, Incorporated, have developed 
and marketed the line of Iridite chro- 
mate conversion coatings... superior 
product performance, complete sales 
and technical service, easy product 
availability, economical cost, extensive 
research and development facilities. 
No doubt you are familiar with our 
line and have seen this trademark— 


GairnyD 
—in our advertising, technical litera- 
ture or on shipping containers in your 
plant. Remember this trademark when 
you’re buying or investigating chro- 
mate conversion coatings for your 
company. It’s your assurance of quality, 
economical products from a reliable 
and established company, skilled sales 
and technical service from both our 
home office and a national network of 
representatives, immediate availability 
from warehouses in strategic industrial 
areas and our willingness to work with 
you to develop new finishes to meet 


your needs, should the present line fall 
short. 


For complete information on Iridite 
chromate conversion coatings, write 
today for your free copy of our technical 
data file. Or, for immediate advice, call 
in your Allied Field Engineer. He’s 
listed under ‘‘Plating Supplies” in your 
classified telephone book. 


Allied Research Products, Inc. 


4004-06 EAST MONUMENT STREET 
BALTIMORE 5, MARYLAND 


Manufacturers of IRIDITE®, IRILAC'™’:, ARP® Brighteners and 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. 
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NEW LAIGZE ELECTRONIC RESET TIMER 
SPANS RANGE FROM .1 TO 10 SECONDS 


e « » COMPENSATED CIRCUIT MAINTAINS HIGH ACCURACY 





ELECTROFLEX 


Eagle’s new Reset Timer em- 
ploys only two moving parts 
(relay armatures), achieving 
precise short-interval timing 
through a dual range elec- 
tronic circuit. Timing ac- 
curacy is maintained within 
2% through line voltage 
variations from 90 to 130v. 
ambient temperature changes of 52°F. to 140°F., electronic tube 
replacements, and vibration up to 3g. 


SUGGESTS NEW CONTROL IDEAS 


Electroflex Dial, with precision wound potentiometer, may be mounted 
at the push button station with the mechanism located at a spot more 


convenient to wiring, installation. 


PULSER 


Pulsing with adjustable dwell is easily effected. Periodic output pulses 
may be continuously repeated with the OFF period adjustable on 
the dial. Pulse length (or reset time) is .050 seconds. OFF time is 
adjustable to 10 seconds. 


COMPANION EQUIPMENT 


The Electroflex Timer, the Eagle Micro- 
flex Timer, synchronous motor driven 
for longer time intervals, and the 
Microflex Counter, (shown) all share 
the same large 4” dial, mounting di- 
mensions, accessories and selection of 
enclosures to provide uniform appear- 


ance, simplify installations. 


Send for new Eagle Bulletin 150. Simply write to Eagle Signal 
Corporation, Industrial Timers Division, Moline, Illinois, Dept. 
heM-1158. 
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in conjunction with cylinder oper- 
ation or to indicate piston position. 
Suitable for use on automatic ber- 
ing heads, automated lathes, screw 
machines, or in any application where 
lateral movement must be imparted 
to a rotating unit. Piloted and pinned 
to piston assembly, the rod protrudes 
through inlet housing end cap. Stand- 
ard rod diam is 14 in., with optional 
plain or threaded end. The S-P Man- 
ufacturing Corp., 30201 Aurora Rd 
Solon, Ohio. >S16 


SAUCER-SHAPED FAN 

Saucer-shaped fan developed — to: 
cooling electronic console equipment 
features an electrical driving motor 
built into the propeller hub, redue- 
ing the axial length of the fan to 


more than the thickness of the pro- 
peller. 

Air delivery for the fan is 260 cim 
against zero static pressure. Airflow 
in either direction can be obtained 
by reversing the fan end-to-end. 
Rotron Manufacturing Co., Schoon- 
maker Lane, Woodstock, N. Y. ->517 


IMPROVED AXIAL-LEAD 
RESISTORS 


Tiny 3-w unit and a_ reduced size 
5-w unit will be of interest to equip- 
ment designers. In addition, a 7-w 
resistor the size of previous 5-w 
Koolohm, a 10-w rating, and a new 
i4-w rating which is same size as 
10-w rating but with limited resist- 
ance values, complete the line. 

(An improved all-welded construe- 
tion, which removes danger of open 
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in all standard sizes and special sizes to order 


the New ARNOLD 67 Aluminum-Cased Tape Cores 
give you 4 BIG ADVANTAGES... at no added cost! 


NEW COMPACTNESS in Aluminum-Cased Cores permits you to 
design for greater miniaturization, yet retain the distortion-free 
strength of an aluminum case that resists winding stresses 
Overall dimensions are smaller than older types of aluminum 
cases and comparable in size with plastic-cased cores 


HERMETICALLY SEALED, with Built-in Protection against shock 
and vibration, Arnold 6T Cores provide the most complete 
protection against deterioration of magnetic properties available 
on the market. Strain-sensitive core materials are completely 
surrounded by an inert shock absorbent, hermetically sealed 
within the cases. Trouble-free performance is virtually assured, 
even over long standby periods. 6T Core design further guar- 
antees that you can vacuum-impregnate your coils 


momgenee 


Seon 


Arnold 6T Tape Cores are available in all standard 
sizes, and special sizes may be made to order. . . 
all guaranteed for size, hermetic seal, dielectric 


Strength and temperature of operation. 


@ We'll welcome your orders for prompt 
delivery of pilot or production quantities. 
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1000-VOLT BREAKDOWN GUARANTEED! 

The Arnold 6T Core employs a strong, inert covering with hard 
gloss finish which carries a 1000-volt breakdown guarantee. Suit- 
able radii and the elimination of sharp corners insure against 
cutting the winding wire’s insulation. Its hard non-cold-flowing 
finish protects the covering against cuts. Both features guarantee 
against shorted wiring. 


MEETS MILITARY ' 
Temperature Rise. 
The Arnold 6T Core fully meets the requirements of military 
specifications Mil-T-5383 or Mil-T-7210, wherever applicable. 
These specifications call for case construction to withstand 
ambient temperatures to 170°C, and a 25°C temperature rise. 


SPECS” for Operating Temperatures and 


wsw 7319 
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Main Office & Plant: Marengo, Illinois 


Repath Pacific Division Plant: 641 East 61st Street, Los Angeles, Calif. 


District Sales Offices: 
Boston: 49 Waltham St., Lexington Los Angeles: 3450 Wilshire Blvd. 
New York: 350 Fifth Ave. Washington, D.C.: 1001-1 5th St., N.W. 
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Model 220 RT 


You can save time and money and get more accuracy—either in 
the laboratory or on the production line—by using a Chatillon 
Running Torque Tester and Dynamometer. Fifteen different 
models are available in varying capacities, all engineered and 
designed for precision accuracy to fit your individual F.H.P. motor 
testing needs. With these units, F.H.P. motors can now be tested 
in 9 seconds by one operator. 


NOW also availa 


ble with a decade counter tachometer system for 


accuracy to + .1% of dial reading, plus + 1 count. 


Oititinding 


e Torque Capaciti 
.1 oz. in. to 24 | 
e Speed Range vu; 
e Power Dissipatij 
Continuous—.0) 
% hour—.025 H 
15 minutes—.05 
e Tachometer Ax 
1% of full sco 
> .1% of dial # 
decade counte: 
® Temperature €} 
Made of Chatil! 
e Automatic Ov; 


Special Units can be 4 
DeJ 


Fecttivres: 


es range from 
> 


. ft. 

to 50,000 RPM 
pn varies from: 
H.P. to 4 H.P. 
». to 8 H.P. 

1.P. to 16 H.P. 


wracy: 

b with electric tachometer 

rading plus + 1 count with 

hachometer system 

impensated Springs WRITE FOR ILLUSTRATED 

n Iso-Elastic® material BROCHURE 

load Protection WRITE FOR DEMONSTRATION 


2signed to meet specifications. 
t. EM 





JOHN CHATILLON & SONS (qj, AT ILLON 
85 CLIFF STREET, NEW YORK 38, N.Y. 
Manufacturers of Scales, Force Mezsuring Instruments and Precision Springs Since 1835. 
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resistance elements when __ resistors 
are subjected to excessive overload, 
is a feature of Koolohm design. Use 
of ceramic-insulated wire permits 
higher resistance values in a_ given 
size. All Koolohm resistors are aged 
on load prior to final test and inspec- 
tion. This extra “burn-in” stabilizes 
their resistance value and gives them 
good performance on load-life tests. 
Construction allows them to operate 
at “hottest-spot” temperatures up to 
350 C. Sprague Electric Co., 307 


Marshall St., No. Adams, Mass. ->518 


EXTRUDED SILICONE SPONGE 
Extruded silicone sponge cross-sections 
in long lengths, continuous lengths, 
coils and rolls can be supplied. Sheets 
of silicone sponge measuring up to 
36 in. wide can be produced by the 


on 


calendering method. Calendered sheets 
can be combined with Orlon, Dacron. 
nylon, fiber glass and other heat re- 
sisting fabrics. 

Offering temperature resistance 
ranging from —160 to -+-500, silicone 
sponge parts can be used in the air- 
craft, electronics, appliance, machine 
tool and other industries. Also pro- 
vides good resistance to aging, sun- 
light, ozone, oils and chemicals, plus 
unusual dielectric qualities at high 
temperatures. The Stalwart Rubber 
Co., 197 Northfield Road, Bedford, 
Ohio. >519 


PRECISION VOLTAGE DIVIDER 
Type 85-A_ Rinco-Pot divider con- 
sists of 2  switch-controlled decades 
of fixed resistors together with a 
precision wire-wound pot for con- 
tinuous interpolation between dec- 
ade steps. Provides linearity to bet- 
ter than one part in 10,000 and 
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AUTOMATED CONVEYOR ANODIZES THREE 


WAYS AT ONCE 


By Robert Nyquist 
Chief Chemist 
General Products Group 
The Electric Auto-Lite Company 


AUTO LITE’S Bay City Division was 
one of the first anodizing suppliers for 
Detroit. In the late forties, it produced 
anodized name plates and indicator 
dials, some involving multiple colors. 
But this work was performed by hand 
dipping in still and air-agitated tanks. 
Production was limited. 


When Detroit started using aluminum 
for grilles, side panels and other deco- 
rative trim, Auto-Lite decided that an 
automatic conveyor was the only 
answer. By making the process auto- 
matic, not only would output be in- 
creased, but results would be more 
uniform. 


The present machine in use at the Bay 
City Division was designed by the 


Hanson-Van Winkle-Munning Co. 
with Auto-Lite specifying the cycle. 
Parts flow from buffing by an over- 
head monorail conveyer to a manual 
load station. Loaded onto anodizing 
racks on another monorail, the parts 
are then automatically transferred to 
the anodizing conveyor and follow their 
finishing cycle. At the end of the cycle, 





Work is unloaded from racks. Note that rack 
in foreground is revolving to facilitate 
unloading of work suspended out of easy 
reach of the worker. From here, a conveyor 
carries the finished parts through an infrared 
drying unit and.on to the shipping depart- 
ment. 


they are automatically transferred back 
to an unload monorail and manually 
transferred to a belt conveyor where 
they are dried on their way to packing 
stations. 


continued on next page 


This liquid buffing compound spray system is shown here at work on headlight shells at 
Electric Auto-Lite’s Bay City, Mich. plant, just before they go through an anodizing cycle. 
Ordinary electrocleaning removes traces of abrasive. Air-operated pump, distribution lines 
and spray guns deliver precisely metered quantities of spray at intervals governed by a timer. 
Advantages of the system are that abrasive action takes place only where the buff is in direct 
contact with the work; there is no loss of compound from breaking up; maintenance is easy; 
and the compound can be metered out to the work with extreme accuracy. Compound can later 
be cleaned from buffed parts with a spray washer, solvent degreaser or di-phase emulsion 


soak, followed by a hot alkaline spray. 


oe a ee | ee | — 


AUTO-LITE WIRE 
and CABLE CRASHES 
“THERMAL THICKET”’ 


At one time the sound barrier seemed 
to be the major obstacle to higher air- 
craft speeds, Today the new barrier is 
the “thermal thicket’, a result of 
friction, a short name for what engi- 
neers call aerodynamic heating. But 
this condition imposes severe demands. 


Resistance drops with altitude. Many 
insulations that work at sea level fail 
in rarified air or no atmosphere at all. 
Missile and aircraft wire insulation 
must be as good in outer space as it is 
on the ground. Resistance to chem- 
icals and lubricants is a ‘must’. 
Many missile propellants are highly 
corrosive, and can reach hook-up 
cables. 


Wire insulation should be flame-resis- 
tant; excessive heating may cause it to 
smoke but it must not give off any 
toxic gases or fumes. It should resist 
abrasive action since it may be sub- 

continued on next page 


MODEL BW HOTTEST 
SPOT INDICATOR 


WOTTEST SPOT INDICATOR 
a) 


et he 


This instrument was developed especi- 
ally for use on dry type transformers 
both ventilated and sealed. One of the 
capillary lines is installed either in the 
core of the transformer or on the con- 
ductor at a point where it leaves the 
core coil. The other capillary is placed 
in a location where it will indicate the 
temperature of incoming air on ven- 
tilated types or the interior tempera- 
ture of the gas in sealed types. The 
two thermal elements are connected 
through an epicyclic gear train and 
the pointer indicates the hottest spot 
temperature according to the load on 
the transformer. 








AUTO-LITE 
GENERAL PRODUCTS 
GROUP SALES OFFICES 


Allentown, Pa.— 

122 No. St. George Str 
Bay City, Mich.— 

Morton & Bachus Strs 
Chicage—600 So. Michigan Ave 
Cleveland—/?20 Babbitt Rd 
Cincinnati— 

Lebanon Pike, Sharonville, O...PRinceton 1-8100 
Dallas—P.0 Box 2375.............LAkeside 1-2939 
Detroit—723 New Center Bidg TRinity 5-2636 
Florida—1318 S. W. 4th Terrace, Pompano Beach, Fila. 
Los Angeles---505 E. Rosecrans Ave 

Gardena Calif ' 
Milwaukee—11610 W. Cherry Str 

Wauwatosa, Wis eS 
New York City—405 Lexington Ave.. 
Port Huron, Mich.—3529 24th Str 
St. Louis— 

11726 Sappington Barracks Rd 
Toledo, O.—Champlain Str 


...HEmlock 7-2174 


. TWinbrook 5-5511 
.WEbster 9-3144 
.ANdrews 1-1136 


FAculty 1-2184 


SPring 1-0512 
OXford 7-7440 
.YUkon 5-6131 


Victor 3-0203 
CHerry 3-3131 











“Thermal Thicket” — continued 


jected to rubbing action of moving 
parts. Extreme cold is a factor, too. 


IS THERE SUCH a WIRE? 


As a result, Auto-Lite 350 wire is being 
built to fight this barrier. It gives top 
performance from 400°F to -80°F. 
Some insulations become brittle at low 
temperatures, but not Auto-Lite 350 
wire. It has a high resistance to flame, 
abrasion, most missile and aircraft 
chemicals and lubricants. It’s smoke- 
less, free from discoloration at maxi- 
mum operating cable temperatures, 
and free stripping. Auto-Lite 350 wire 
meets Spec. MIL-W-8777A and is 
available in sizes 22 through 2/0. 


Many missile and aircraft manufac- 
turers are finding that Auto-Lite 350 
wire helps reduce overall production 
costs, too. 


New Auto-Lite Technical 
Data and Developments... 


Magnet Wire Catalog. . . big new 32-page magnet wire 
atalog hot off the press. Send for your copy today on company 
letterhead ; ; --No. 609 
Reference Catalog on wire covers automotive, plastic 
aircraft, electror and magnet wire. Shows test procedures 
magnet wire guide chart and discusses packaging. A valuable 
text to have on hand oie -No. 301 
Research & Development Brochure . . . new 
2-color, 48-page deluxe review of research, development 
laboratory and production facilities offered by The Electric 
Auto-Lite Company : --No. 302 


Article on Anodizing . . . send for this comprehensive 
review of anodizing opportunities at Auto-Lite No. 901 


How Bumpers Are Produced . . . review this compre- 
hensive 8-page brief on how Auto-Lite mass-produces 1958 
bumpers -No. 902 


GENERAL PRODUCTS GROUP, The Electric Auto-Lite Company 
Box 931, Toledo i, Ohio 


Please send me 
609 301 302 901 902 
NAME 
TITLE 
FIRM NAME.. 
STREET 
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Automated Conveyor continued 


A rack of side panel trim for one 
automobile manufacturer is given a 
plain anodized finish. It may be fol- 
lowed by a rack of side panel trim for 
one manufacturer, which takes a gold 
dye, or by a rack of grilles for another 
automobile maker, calling for a differ- 
ent gold shade. 


The giant anodizing machine has selec- 
tive cycles, established by the racks 
themselves. This was accomplished by 
installing bypass mechanisms on each 
tank, controlled by limiting switches. 
Index trips on the racks contact these 
switches, and determine whether the 
rack will descend into the solution, or 
will pass over it to the next tank. Each 
part has its own racks. Since the begin- 
ning, titanium has been used for all 
exposed clips. 

Parts arrive at the anodizing depart- 
ment from buffing and travel by over- 
head monorail to the loading station 
in the anodizing department. Here 
five operators transfer the parts to the 
proper racks on the constantly moving 
load monorail. One side of the rack is 
loaded as it moves along the load sta- 
tion, then an automatic turn mechan- 
ism swings it around and the other 
side is loaded. 

Racks are transferred automatically 
from the load monorail to the carrier 
arms of the anodizing machine by a 
shuttle transfer mechanism. The car- 
rier arms each hold two racks of the 
same type of part. Once loaded, the 
carrier arm follows its own independent 
cycle through the tanks. 

Each rack has projections which are 
positioned to contact a different series 
of limit switches. These switches con- 
trol solenoid-operated bypass flippers. 
Each carrier is fitted with a bypass 
roller and roller support. When a 
switch is contacted by the rack, the 
flipper shunts this roller onto a bypass 
track. This track holds the carrier in 
the air until it reaches the next tank 
in the cycle. If the rack does not con- 
tact a limit switch, the carrier arm 
descends into the tank. 

At the present time, the H-VW-M 
machine is operating three shifts, 
round-the-clock, five days a week. In 
three shifts, 85,000 sq. ft. of parts are 
anodized. A complete cycle takes one 
hour 45 minutes from load to unload. 


The automatic transfer mechanism 
removes the two racks from each 
carrier arm and transfers them to the 
unload monorail conveyor. Here the 
parts are unracked by two operators 
and placed on a canvas belt conveyor 
which carries them under an infrared 
dryer and then to inspection and pack- 
ing stations. 


The anodizing conveyor is completely 
automated. It requires an operator on 
each shift, and an assistant who mans 
an inspection station on the rear of the 
racetrack-shaped machine. A large con- 
trol panel at the operator’s station has 
indicator lights and off-on switches 
for each function. A breakdown or 
overtravel anywhere during the cycle 
will automatically stop the machine 
and the indicator lights will pinpoint 
the exact trouble spot. 


ENGINEER’S 
CORNER 


IsALite, 155°C (Class F) 
Magnet Wires... Over the past 


few years, as manufacturers of trans- 
formers and rotating machinery were 
being forced by their customers to 
produce equipment which would ope- 
rate at higher temperatures, it became 
necessary to find materials which 
would operate safely for long periods 
under these more severe conditions. 


In anticipation of this trend several 
vendors of wire enamels had _ been 
studying magnet wire coatings based 
on polyester resins and preliminary 
tests indicated that these could be used 
at temperatures 20-40°C above Form- 
var. Basically these coatings were form- 
ulated from terephthalate polyesters 
modified with other resins to 
produce the proper mech- 
anical and electrical prop- 
erties. 


Each of the modifying res- 

ins gives a particular ad- 

vantage and _ Auto-Lite 
evaluated many of these formulations 
to insure that the final product pro- 
vided maximum overall utility. Auto- 
Lite’s polyester coated magnet wire is 
produced under the trade name of 
IsALite. 


Thermal classification of insulations 
had for many years been based on 
whether the materials were organic or 
inorganic. This was obviously inad- 
equate as new materials came _ into 
usage and classifications were set up 
on the basis of functional tests for 
thermal stability. Test procedures de- 
signed by AIEE permit prediction of 
insulation life at specified temperatures. 


Auto-Lite IsALite Magnet 

Wire, even though it has 

an organic coating, when 

tested under the procedure 

set up in AIEFE No. 57 has 

proved to be suitable for 
continuous operation 

(Class F). 

It has excellent cut-through resistance 
and retention of flexibility at operating 
temperatures. Adhesion, chemical re- 
sistance, and dielectric strength are 
superior to Formvar while resistance 
to abrasion remains comparable. 


Polyester coated magnet wires bond 
securely when impregnated with com- 
patible insulating varnishes. Choice of 
a proper varnish is very important as 
degradation of the film may be caused 
by treatment with incompatible coat- 
ings. Varnishes should have high ther- 
mal stability and be chemically similar. 
Best results have been obtained with 
silicone coatings though some polyester 
and phenolic alkyd varnishes are ac- 
ceptable. 


Coatings of polyester have proven par- 
ticularly adaptable to rectangular cop- 
per as the excellent film build-up on 
corners offers high dielectric strength 
and flexibility and adhesion of film im- 
prove handling in winding. 


Printed in U.S.A. 





resolution of more than 0.002 per 
cent. 
turns of dial 


resistance 


than 3 
full range of 
When mounted, the 3 in. diam case 
extends only 314 in. behind 

Electrical specifications: 
accuracy, 


Less cover 


decades. 


panel. 
resistance 
+0.05 per cent of full 
0.01 per 
frequency 


scale resistance; linearity, 
cent; power rating, 5 w; 
range, d-c to 10 ke. Standard resist- 
ance value is 10 k ohms. Rinco, Ine., 
7962 S. E. Powell Blvd... Portland 


6, Oregon. >520 


AIRCRAFT SWITCHES 


Line of aircraft switches 


1000 series is designed 


3-position 
known as the 
for aircraft and circuits. 
With fine contacts, the fast, 
pivoted lever action is built-in for con- 


electronic 
silver 


tinuous duty. Both a commercial model 
and government spec model are avail- 
able in SPST, SPDT, DPST and DPDT 
in over 100 types of 3-position cir- 
cuitry, including momentary action. 
Solder 


o1 spade 


terminals, screw terminals, 
terminals 


ean be furnished. Models with main- 


quick-disconnect 


tained contacts are rated at 15 amp 
125/250 volts a-c, % hp 125. volts 
a-c, 1 hp 250 volts a-c. Sargent Elec- 
tric Corp.. 630 Merrick Rd.. Lynbrook, 
N. Y. >521 


DIGITAL COUNTDOWN 
CLOCK SYSTEM 

Featuring all semiconductor circuitry, 
No. 90092-A system includes a master 
clock and 5 slaye displays. The master 
clock, which in a max 55 C ambient 
will operate up to 8 slaves, contains 
germanium power transistors which 
switch 3000 hr life incandescent 
lamps. Regulated lamp power assures 


i ¢ 
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chassis-trak sites 


for rack-mounted 
electronic equipment 


Either roller or solid bearing slides 
are available from stock. The “De- 
tent” model locks in 7 tilt posi- 
tions. The “Basic” model tilts with 
no lock assembly. The “EZ Mount” 
model tilts from mounting on 
front cabinet rail. These models 
are available in either lightweight 
or heavy-duty styles. 
Chassis-Trak slides, formed 
from cold rolled-steel, give com- 
plete accessibility and faster serv- 
icing .. . and the ultra-thin design 
means you can cut engineering 


Select the right slide 


Basic 


costs by mounting 17” chassis in 
19” standard stock racks. Plus, a 
wide bearing area design increases 
rigidity and reduces the possibility 
of binding due to misalignment. 

In addition to the standard 
slides in stock, Chassis-Trak engi- 
neers will custom-build slides for 
special installations. All slides 
meet specifications for govern- 
ment or military projects and 
RETMA standards. 


for your application 





Detent 


Cradle Track 





Heavy Duty Basic 





Heavy Duty Detent 


Basic cTB 





Detent | CTo 





Light Weight } CTL 





Heavy Duty Basic CTHB 








CTHD 


Heavy Duty Detent 








For additional engineering information, accessories 


hardware catalog, and prices, write: 


525 South Webster, Indianapolis 19, Indiana 


Circle 194 on page 17 201 





Engineers! Designers! 
THERE IS NO SUBSTITUTE 
FOR RELIABILITY! 
Specify — 
PERFORMANCE 


PROVEN “MAG MOD" 


MAGNETIC 


MODULATORS 


Actual 
Size 


043) seO078 
MSL INOW TWHINID 


 ~ . 
ROSELLE “ON ive 


HOLY INGONM D1 INOW 


t'. 


> 
For complete 
specifications and 
application data on “‘Mag Mod” 
Miniature and Standard 
Components, call or write. 





Miniaturized design permits 
engineers to employ these 
new components in transis- 
torized printed circuit as- 
semblies and wafer type 
structures. All models offer 
maximum reliability, fully 
ruggedized construction and 
conform to MIL-T-27A speci- 
fications. 


@ COMPLETE RELIABILITY 

@ INFINITE LIFE 

@ FASTER RESPONSE TIME 

@ NEGLIGIBLE HYSTERESIS 

@ EXTREME STABILITY 
(Ambient Temp. Range 
from —75° to +135°C) 

@ COMPACT SIZE 

© LIGHTWEIGHT 


Typical circuit applications 
for Magnetic Modulators are 
algebraic addition, subtrac- 
tion, multiplying, raising to a 
power, controlling amplifier 
gains, mechanical chopper 
replacement in DC to funda- 
mental frequency conver- 
sion, filtering and low signal 
level amplification. 


GENERAL 
MAGNETICS «INC 


135 BLOOMFIELD AVENUE 
BLOOMFIELD, NEW JERSEY 


Telephone: Pilgrim 8-2400 
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NEW! ENGRAVED 
Deep-Kut stamps 


are better than 
ordinary rubber 
3 ways 


te ENGRAVED Deep-Kut is Acid Proof 


%& ENGRAVED Deep-Kut Stamping gives 
Razor-Sharp impressions every time 


xe ENGRAVED Deep-Kut has 
Cushion-Like resilience 


Engraved Deep-Kut stamp faces are 
adaptable to any marking device. 
They can be used to stamp on 
every surface, metal, wood, 

fabric, paper, plastic, etc. 


KRENGEL MANUFACTURING CO., INC. Tel. CO 7-5714 


227 Fulton St., New York 7, N. Y. 


Please check the following 
FREE ENGRAVED Deep-Kut Oo 
Somple & Price List 
Please hove solesmon coll 0 
g for appontment 


STREET 
ae 


-.«-ZONE.... .STATE 
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uniform brightness from 105 to 125 
volts input. 

Countdown proceeds from any pre- 
set number down to 000, whereupon 
clock resets itself to 999 and continues 
to count. Count readout may be held 
indefinitely at any point, and can be 
instantly pre-set to any desired readout. 

Weight is 37 lb; slave 5 lb. Fitting 
in standard 19 in. rack panel, master 
is 7 in. high, 17 in. deep; slave 314 
in. high. 6 in. deep. Resdel Engineering 
Corp., 330 So. Fair Oaks Ave., Pasa- 
dena, Calif. -~>522 


NEW DESIGN PHONE PLUGS 

To provide a positive. solid cable grip 
in phone plugs with screw-type_ter- 
minals, company has redesigned its 2 
conductor plugs to incorporate a_ set 
of “ears” that clamp over cord jacket, 


assuring a secure anchoring of cord. 
Danger of circuit breaks due to “pull- 
outs” is largely eliminated. 

Plugs, with one-piece solid brass 
nickel-plated tip rods and high grade 
insulating materials, are available 
from stock in metal or plastic handles. 
Richards Electrocraft, Inc., 4432 N. 
Kedzie Ave., Chicago, Ill. >523 


PRECISION PERMANENT 
MAGNET 


Precision permanent magnet has a 
field strength of 1717.5 gauss +0.1 
per cent and max field inhomogeneity 
at gap center of 40 milligauss (23 
ppm) over a 2 in. max dimension 
region. 

Model 104B can be used for ma- 


terial analysis by nuclear magnetic 


- 


(Continued on page 206) 
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When buying aluminum for your product... 


AERIALS 


CONDENSER COILS 


SMALL APPLIANCES 


Remember... 
Every dustry has one member who 
specializes in customer satisfaction 


Your Inventory Control of aluminum coiled sheet can be virtually 
automatic when you specify Anaconda. Our policy of custom rolling 
all orders to customers’ specifications, coupled with extremely flex- 
ible production facilities, assures you prompt delivery at all times. 


Precision production controls further assure that your Anaconda 
Coiled Sheet is the finest you can buy. Modern rolling mills with 
X-ray gauge controls give you uniform thicknesses and consistent 
yield per pound. Uniformity of temper is maintained, order after 
order. Control of grain size provides maximum workability. High- 
speed slitters cut exact widths, precision edges. 


The Anaconda line includes gauges from .006”’ to .064’’; widths 
from *%'' to 54”’; alloys: 1100, 1145, 3003, 3004, 5005, 5050, 5052, 5357. 


. . Made by Coch Foil 
And watch for an expanding line of wrought aluminum products. ey eae eae 


LOUISVILLE, KENTUCKY 

For action, call our nearest District Sales Office or contact us A SUBSIDIARY OF THE ANACONDA COMPANY 
direct. For the new booklet, ‘‘Anaconda Aluminum Coiled Sheet’’, 
write Dept. E-11,1430 S. 13th St., Louisville 10, Kentucky. 
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Hy 
— 
E, ° All end-bracket assem- 
f blies are interchange- 
able for repositioning 
Canteel dniiat abeet of drive components. 
can be positioned on 


i ” Y Conduit box can be 
located top, bottom, 
or either side. 


top or either side. \ ; 
' 








Motor can be 
mounted top 
or bottom. 





a me Ww —_ 
| ey Ys es | 8) aN ee) 
FROM ONE BASIC DESIGN 








— with wrench and screwdriver! 





Output shaft can 
be high or low, 
right or left. 


Detachable feet 
can be bolted to 
bottom, side, or 
top for floor, 
wall, or ceiling 
mounting. 


Another NEW product from Louis Allis 


Just two of many variations 
that can be made from a 
etandard ALLISPEDE DRIVE. 


The ALLISPEDE* DRIVE gives you 
complete design versatility! 





“Building-block” principle, using one basic unit, permits 
this drive to fit into any design requirement regardless 
of space or shape limitations! 


The all-new ALLISPEDE DRIVE is a simple answer to the problem of 
providing low-cost adjustable speed in a variety of designs. The basic unit goes 
together like blocks — you pick the assembly you want — locating feet, end 
brackets, control hand wheel, conduit box, and output shaft to suit the 
requirements of the driven machine. 


The same unit can be used for horizontal or upright floor, wall, or ceiling 
mounting — there are no “fixed” components to limit installation. And all of these 
adjustments are easily made in minutes with just a wrench and screwdriver, 

right on your assembly floor! As a result, a lower inventory of drives still covers 
your production requirements. 


Superior design improves drive efficiency and extends service life. The four 
bearings equally distribute belt load, increasing bearing and belt life. Movable 
discs slide smoothly on internally-lubricated splined shafts — won’t stick 

in place or wear. 


Rugged cast-iron housing with plated steel covers shields drive against dirt 

and corrosion . . . integral rotor fan cools the motor and force-ventilates the drive 
housing to extend bearing life. Oversize cartridge bearings are pressed on shaft 

and lubricated at the factory. Corrosion-resistant stainless-steel nameplates 
diagram proper motor connection, specify bearing sizes, and carry complete 
instructions for operation and lubrication. 

The ALLISPEDE DRIVE can be supplied with in-line or right-angle integral 
gears, brake, and tachometer. Sizes from 1 to 20 HP, with speed variations up to 8:1. 
Electrical and mechanical modifications for any application. 


Contact your Louis Allis District Office or Distributor for complete information 
and engineering assistance. Or write for Bulletin 3300, The Louis Allis Co., 
428 E. Stewart St., Milwaukee 1, Wis. 


*ALLISPEDE is a trademark of The Louis Allis Co. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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resonance (NMR) absorption or spin 
echo techniques; specialized NMR and 
EPR research; semiconductor studies 
using adiabatic demagnetization; 
measurement of Hall effect in con- 
ductors and semiconductors. It is 
stable in time and temperature. 

Dimensions 1514 in. wide x 20 in. 
deep x 12 in. high and weighs 475 
lb. Schlumberger Well Surveying 
Corp., Ridgefield Instrumentation Div., 
Ridgefield, Conn. >524 

A new, highly accurate, yet inexpensive, method of 


speed measurement ... monitoring . . . control. Applicable STANDARD PLASTIC 

CASE IMPROVES PULSE 
TRANSFORMER PACKAGE 
Complete pulse transformer _ pack- 


age rather than just encapsulation 
shell of former types, has 4 features: 


to machines, engines and transportation equipment. 


custom fit for all sizes of transform- 
ers; unobstructed access for assem- 


bling and wiring components; a leak- 
resistant press-fit seal; and a special 
keyway for identifying connectors 
and inserting package. 

Available in variety of materials 
which permit operation up to 500 F, 
the case is composed of 2 matched 
parts: a circular shell for holding 
potting compound, and a flat plastic 
header with connecting pins molded- 
in for mounting and wiring compo- 


fF nent. 
TACH Rr PAK Available in 25 different diameters 


ranging from *46 in. to 2144 in. Also 
a choice of 25 different heights from 
i j imi M6 1 2% 1 The Milton Ross 

accepts a signal from a magnetic proximit 16 In. to 2’ In. : 
e . a 0 a ‘ / mies Metals Co.. Davisville Rd., South- 
pickup and conditions this signal for application ampton, Pa. ->525 


to a meter calibrated directly in RPM... a 


control system ... or a chart recorder. Installation SUBMINIATURE MULTI-TURN 
is simple and there is NO maintenance problem. LIMIT STOP 


LS 104 limit stop for use in miniature 
servo and instrument mechanisms is 


AIRPAX : = . — 
. smallest of line of mechanical limit 


Control Specialists Since 1948 ‘ ans ° . ~ . 
Bcc stops. It is 0.625 in. in diam, 1%2 in. 





SEMINOLE DIVISION 
THE AIRPAX PRODUCTS COMPANY FORT LAUDERDALE, FLA. 
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 


PERCENT IMPROVEMENT PERMEABILITY 





GUARANTEED 


values than ever before . . . and the new, higher values 
are guaranteed. For example, using the standard flux 
density test, at 40 induction gausses, AL-4750 now has 
57% higher permeability than in the past. And perme- 
ability values are guaranteed. 

This guaranteed permeability means greater consist- 
ency and better predictability for magnetic core per- 
formance... permits careful, high hese design. 

The improvement in AL-4750 didn’t just happen. It is 
the result of Allegheny’s electrical alloy research and 
production program in nickel-bearing steels. A similar 
improvement has been made in AL Moly Permalloy. 


wsw 7269 


*.014 and .006 Strip 


PERMEABILITY... and at higher values 
than old average values in AL-4750 


AL-4750 nickel-iron strip now has higher permeability 


And research is continuing on silicon steels including 
AL's famous Silectron (grain oriented silicon steel), as 
well as on other magnetic alloys. 

Another service of Allegheny Ludlum includes com- 
plete facilities for the fabrication and heat treatment of 
laminations. Years of experience in AL’s lamination 
department means that Allegheny Ludlum has en- 
countered and solved most problems common to core 
materials. This practical know-how is available to all. 
Call us for prompt technical assistance. Write for blue 
sheet EM-16 for complete data on AL-4750. 

Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. Address Dept. EM-11. 


ALLEGHENY LUDLUM 


STEELMAKERS TO THE ELECTRICAL INDUSTRY 


Export distribution, Electrical Materials: AIRCO INTERNATIONAL INC., NYC 17 
Export distribution, Laminations: AD. AURIEMA, NYC 4 
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Voltage Control Relay Panel 
for 


Curtis Development & Mfg. Co. 
Milwaukee, Wisconsin 


Another Example: 
Triple M Slip Rings 


insert molding is 
OUR BREAD AND BUTTER! 


Putting plastics and metals together is what we're good 
at... at Midwest Molding. Triple M excels in combining 
metal inserts and plastics of all types in molded parts. 
Midwest Molding experts pride themselves on the precise 
construction and dependable performance of their metal- 
plastic combinations. Send your prints for quotation. 


More Pull up your chair to the Triple M table, and 


les: 
— LET’S TALK INSERTS! 
oWidwest H 
AND MANUFACTURING COMPANY 
TOOLING / COMPRESSION / INJECTION 


123 RCTARY DRIVE e GURNEE 96, ILLINOIS 
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long. synchro-mounted, and has a 
torque rating of 18 oz-in. It can be 
set to limit rotation to any angle from 
0 to 20 revolutions by means of an 
external screw at end of unit. Pre- 
cision ball bearings provide low start- 
ing torque. 

Of anodized aluminum alloy and 
corrosion-resistant steel construction, 
it meets requirements of MIL-E-5400. 
Precision Mechanisms Corp., 577 
Newbridge Avenue. East Meadow, 
N.. ¥. >526 


MINIATURIZED 
POWER AMPLIFIER 


Ruggedized. miniature r-f power am- 
plifier is capable of withstanding 
rigorous airborne and missile appli- 
cations, measures approx 5 x 3% 
x 2 in. and weighs only 1 Ib. 
Operating in 235 me to 260 me 


telemetering band, Model REL-09 
HF delivers an 8-w output to a 52- 
ohm load with a 1.4 w input drive. 
Grid and plate tuning controls are 
accessible from front plate, and auto- 
matic protection is provided against 
damage resulting from loss of drive 
or plate power. Rheem Manufactur- 
ing Co.. Electronics Div... 7777 In- 
dustry Ave., Rivera, Calif. >527 


GENERAL-PURPOSE RELAY 
General-purpose vertical coil type re- 
lay can be mounted in a 1% sq in. 
space. Coil rating is 115 volts a-c 
continuous duty, 50 to 60 cycles and 
can be adapted to almost any a-c or 
d-c voltage range. 

Contacts are rated at 10 amp non- 
inductive, 115 volts a-c. Available in 
single to 4-pole circuit arrangements 
and in any combination. Pull-in voltage 
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Simplity design 
peed production 
ave money 


STOP 


the EYELET 
HUNT 


> 


Use UNITED Standardized Sizes 


You can save many expensive engineering hours 

because designers no longer need to plow through 
thousands of eyelet specifications. Over 20 years’ 

experience has shown that a very high percentage 
of all eyelet work can be done with the 7 United 

Standard diameters. 
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Only 7 sets of tools for ali 65 sizes 
All eyelets in each column set by 


same tools. 


Only SEVEN sets of tools needed for all 65 sizes! 
This means that tooling is reduced as much as 90%. 
With United’s closely co-ordinated system of Stand- 
ardized Eyelets and Eyeleting machines, eyelet grip 
can be increased as much as 1000% (for instance, 
from .093” to .437”) without a single change in drill, 
punch, or setting tool. Result: greatly reduced in- 
stalled costs and true fastener economy. 

Purchasing problems are eliminated. United Stand- 
ardized Eyelets are carried in stock at key points: 
United’s Shelton Eyelet Division plant near New 
York and branch offices in Chicago and Los Angeles. 
Low eyelet costs for you are ensured by United’s 
constant high volume production on a relatively 
small number of sizes. 

Inventory is greatly simplified. Fewer sizes do more 
jobs. Actual experience of thousands of users for over 
two decades has shown that United Standardized 
Eyelets and co-ordinated Eyeleting machines can 


AAAA 


DIAWETER OF BARREL 
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*The diameter given indicates the size hole 
for the eyelet 
These eyelet numbers are descriptive For 
example 
in SE-611. the SE means Standardized 
Eyelet 
Yhe first number (6) indicates Barrel 
Diameter (6/32”) 
the number or numbers which 
indicate Barrel Length (11/32") 


Sasaodsossss 


«off 
«off 


ddddbOd od 


rilow 


reduce the number of eyelet sizes carried in stock 
an average of 66°3%. 

Precision made in standard increments of 1/32” in 

both barrel O.D. and length, each one of the 65 
United Standardized Eyelet sizes has a standard re- 
lationship in dimension and proportion to every other 
eyelet in the series. They are designed to save you 
money. Start to-day to enjoy the advantages of 
United’s Standardized Eyelets. Write or call us for 
complete information. 
New Eyelet Catalog Complete specifications of all 
phases of United’s co-ordinated system of eyelets, eyelet- 
ing machines, setting tools. Also includes data on special 
eyelets and metal stampings. 


SHOE MACHINERY CORPORATION 
BOSTON 7, MASSACHUSETTS 


CALIF. * LYNCHBURG, VA. * MILWAUKEE, WISC. * NASHVILLE, TENN. * NEW YORK, N. Y. * PHILADELPHIA, PA. * ROCHESTER, N. Y. * ST. LOUIS, MO. 
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Branches: ATLANTA, GA. * CHICAGO, ILL. * CINCINNATI, CLEVELAND and COLUMBUS, OHIO * DALLAS, TEXAS * HARRISBURG, PA. * JOHNSON CITY, N. ¥. © LOS ANGELES, 
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we HPN COILED CORD 


adds new sales appeal to your appliances 
| Just look at the features below! They will give you an idea of how 
the specially engineered construction of HPN Coiled Cords leads to consumer 
benefits that add to the visible sales appeal of your appliance. 
Better yet, get in touch with your 





Cords Ltd. product application engineer 
and see for yourself. Call today. 


SELF-ADJUSTING TENSION... 
APPLIANCES REMAIN STATIONARY 


For New Heat Probe 


5 - 
were 
is? eae For Electric Heaters and 


Small Appliances 





HOLOQS THERMOSTAT /N FASILY STORED... 
SUSPENSION /F DROPPED NEAT APPEARING 
o 

\ 


4S SAFE... DOES NOT HANG FROM 
WORK AREA... PREVENTS TRIPPING 





WiLL NOT TANGLE 
OR KNOT 


For Electric Iron Applications 
ADDITIONAL BENEFITS 

FLEXING QUALITY /S PERMANENT 

USE ON LIGHT OR HEAVY APPLIANCES 


RUGGED CON STRUCTION...FEWER CORD REPLACEMENTS 
RETRACT/ILE FORCE OF CORD /S CONTROLLED 


WILL CARRY THE Yi LABEL 


AVA/LABLE IN UNIT PACK...SPEEDS PRODUCTION 
ANO PACKAGING 





TORSIONAL EFFECT LOCKS ATTACHMENT PLUS 
BLADES /N RECEPTACLE 


CORDS LIMITED 
Division 
Essex Wire Corporation, DeKalb, lilinois 
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rated at 90 volts max. Switching is 
snap-action, resulting in shortened 
traverse time and increased contact 
pressure. Acro Div., Robertshaw- 
Fulton Controls Company, Columbus, 
Ohio. ->528 


TWO-BOLT SLEEVE BEARING 
Bearing is interchangeable with most 
2 and 4-bolt units. Designed for 
flange or side mounting, series is 


available with graphited bronze 
bushing or with a _ sintered bronze 
bushing. Both types are self-lubri- 
cating. 

Available for 6 shaft 
sizes from 1% through 1 in., bearings 
are suited for general use where 
pre- 
stand- 


standard 


stress conditions donot 
vail. Bolt requirement 
ardized throughout at %e in. 
One-piece housing is 16 
with corrosion-resistant cad- 
finish. A rubber liner isolates 
bearing and constant 
trolled self-alignment, high 
tion absorption and quiet 
Randall Graphite Bearings, Inc., Box 
839, Lima, Ohio. ->529 


severe 


size 


gauge 
steel, 
mium 
assures con- 
vibra- 
operation. 


IMPROVED AUDIO 

POWER TRANSISTORS 

The 2N301 and 2N301-A audio power 
transistors, modified to have an im- 
proved and compact structure, 
can now provide an a-f power output 
up to 5 w—an 
cent over original design value of 2.7 
w—in Class A 


more 
increase of 85 per 


service at a tempera- 


ee 
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ture of 80 C or below. 

Both types now have max dissipation 
capabilities improved by 100 per cent. 
Max collector dissipation has 
been increased from 5.5 w at a mount- 
ing-flange temperature of 71 C to 11 
w at a mounting-flange temperature of 
80 C. RCA, Semiconductor Div., Somer- 
ville, N. J. ->530 


rating 


WEATHERPROOF A-C MOTOR 


Motor in all standard speeds in sizes 
from 1 to 250 hp is designed to meet 
the punishment of adverse operating 
conditions. An that ex- 
ceeds NEMA  splash-proof require- 
ments, all its external parts are of 
corrosion-proof cast iron. Shaft open- 
ings are sealed by a shaft and 
slinger. 

The 


absorb 


motor 


open 


cap 


can’t 
sleev- 


Ww hich 
silicone 


insulation 
water, features 


system, 


ing, glass-mica slot liners and glass 
mat top-sticks and mid-sticks. The 
heavy Formvar wire coils are re- 
peatedly immersed in special thermo- 
setting, oil-and-water-resistant varnish, 
then sealed with final coat of special 
red finishing enamel. Reliance Elec- 
tric and Engineering Co., 24701 Euclid 
Ave., Cleveland 17, Ohio. >530 


GEIGER COUNTERS 
Non-photosensitive, 
quenched 

transparent, 


halogen- 
have 
conductive 


all-glass 
geiger counters 


non-metallic 


A 


cathode surface. Thin glass walls per- 
mit high beta radiation transmission. 

Features include: infinite life; no 
hysteresis; 200 volt min plateaus with 


They can be your design assistants 
on other Essex Engineered Products. 





COILED CORDS- CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ities. Complete line of Coiled Cords 
including HPN. 


Write for Coil Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 





GENERAL 
PURPOSE 


RELAY 


The basic relay and numerous contact forms, 
ratings and terminals variations are regular 
production items...have been "customerized” to 
solve almost every conceivable problem. Such 
versatility permits engineering short-cuts that 
lower your “back door” cost. 


Write for Bulletin 1060 
R-B-M Control Div., Logansport, ind. ®) 





APPLIANCE WIRES 


Designed for your industry, a complete line of 
“Essex Engineered” appliance wiring material 
—thermoplastic, rubber, neoprene and silicone 
lead wire, plus internal refrigerator wires, 
power supply cords and heater wire. * 


Wire and Cable Div., Ft. Wayne, Ind. ® 





| SSB of-t-$ op. 


| WIRE CORPORATION 
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put #¥EINZE in your designs 


Single ur 
cfm — « 
pole ind 


Single ur 
unit 34 ® 

2 pole st 
plastic ho 
Ty 
freg 

ph 
air, 

du 


Hi 





QUIETLY 
ECONOMICALLY 
DEPENDABLY 


D BLOWER 
Single unit delivers 55 cfm at 3200 rpm; 
double unit supplies 100 cfm at 3100 rpm. 
Y BLOWER Type D 2 pole shaded pole induction motor. 


¥ ipplies 50 cfm, double unit 100 Strong metal housing. 


150 rpm. Type Y 4 pole shaded 
n motor. Rugged metal housing. 


DSH & YSH 
BLOWER-HEATERS 


For warming and drying applications such 
as hot food vending machines, photographic 
2% BLOWER dryers, etc. Heater can be thermostatically 
livers 17 cfm (free air), double controlled. 55 cfm at 3000 rpm. Heater 
free air) at 3100 rpm. Type D ratings from 200 to 1000 watts. 2 pole or 
4 pole induction motor. Durable 4 pole shaded pole induction motor. 
g- 


ize Blowers are supplied as compact units with powerful sub- 
nal horsepower motors for a wide variety of applications: 
raphic darkrooms; laboratories; kitchens; refrigeration and 
iditioning units; cooling of electronic transmitter tubes; in- 
1 heaters; diathermy equipment; vending machines; and 
* uses. 

rers are available as single or double units — quiet, light- 
and durable. Standard models operate on 115V, AC, 60 cycle 
other voltages and frequencies may be supplied. Wide range 
jlels and mountings allow speedy adaptation to your exact 
‘ments. When you need dependable blowers — put Heinze in 
signs. 


JNZE ELECTRIC COMPANY 
) 685 Lawrence St., Lowell, Mass. 


Sub-Fractional Horsepower Motors and Blowers 








Hei; 
685 
Ple: 
and 
Nai 
Con 
Stre 
City 


> Electric Company, Dep’t B 


wrence St., Lowell, Mass. 


send catalog on Heinze Sub-Fractional Horsepower Blowers 
tors. 


& Title 











State __ 
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less than 3 per cent plateau slope; 
can operate up to 280 C for 250 days 
with no change in operating charac- 
teristics. Available in 7 different 
models. Radiation Counter Laborator- 
ies, Incorporated. Nucleonic Park, 
Inc., Princeton, Ind. >532 


SWITCHING RELAY HAS 
CERAMIC-INSULATED 
SWITCH STACK 


The MC telephone-type relay has a 
ceramic switch stack for r-f switch- 
ing applications. Ceramic spacers and 
pushers minimize inter-contact capaci- 


tance to levels that permit switching 
signals of several megacycles. 

Capacitance ratings are: 1.5 pypf 
between contacts in an open relay, 
6.0 pf between contacts and 4.0 py 
between contacts and case in a sealed 
relay. 

Requires only 150 mw per movable 
arm to operate d-c versions or 4.6 va 
to operate a-c versions. Max coil 
power for a continuously-energized re 
lay is 4 w at 25 C. 

Open MC measures 1!'%42 


in. long x 
34 in. wide x 1%6 in. high (3PST 
relay) and weighs 2 oz. Size and 
weight of sealed MC’s depend on 
type of enclosure. Potter & Brumfield. 


Skokie, Ill. >533 


PRECISION GEAR BOX 


Adaptable gear box for use in servo 
and instrument equipments provides a 
choice of gear reductions from 1:1] to 
3125:1. Unit may be assembled in an 
almost unlimited number of gearing 
configurations from stocked © shafts. 
gears, anti-backlash gears and_ slip 
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another 

RADIO RECEPTOR 
semiconductor 
achievement 


SAMP/in 


with the revolutionary new 


I'r1-AMP 


SELENIUM RECTIFIER 


300% higher current density 


life expectancy of 100,000 hours. 


26 volt cells — lower forward voltage drop. 
no parallel devices for voltage division. 


no series devices for load sharing. 


Not just a variation of standard selenium rectifiers — 
TRI-AMP is a new selenium semiconductor with far 
greater reliability, operating at three times the current 
density of standard stacks. It has the overvoltage and 
overcurrent advantages of selenium, which means there 
is no need for the expensive and elaborate protective 


GENERAL 
INSTRUMENT 


General Instrument Corporation 

also includes Automatic Manufacturing 
Division, F. W. Sickles Division, 
Micamold Electronics Manufacturing 
Corporation (subsidiary) 


THE DIFFERENCE 


New Tri-AMP 
3-phase Bridge 


AT A GLANCE! 


Standard Type 
3-phase Bridge 





Dimensions Amp. | Dimensions Amp. 


16.8 





4” x 4” 54 
* Fan Cooled 


4a” 4” 
Fan Cooled 











4” x 4” 18 
Convection Cooled 


4” x 4” 6.7 
Convection Cooled 





Now you'll understand why conventional 
selenium rectifiers are now obsolete! 











devices so necessary when using other semiconductors. 

Our Radio Receptor plant, working with unique equip- 
ment developed by Siemens of West Germany, is now 
producing TRI-AMP selenium semiconductors for imme- 
diate delivery. Please request full information from 
Section EM-11. 


semiconductor division 
RADIO RECEPTOR COMPANY, INC. 


Subsidiary of General Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N.Y. 


SEMICONDUCTORS 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. e 
Valley Electronics Supply Co., Burbank e Milwaukee: Radio Parts Co., Inc. 
Philadelphia: Herbach & Rademan, Inc. 
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Chicago: Merquip Co. e 


San Francisco: Pacific Wholesale Co. 


Circle 205 on page 17 


Cleveland: Pioneer Electronic Supply e 
New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. 
Seattle: Seattle Radio Supply 





Los Angeles: 


Tulsa: Oil Capitol Electronics 
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Precision made Ceramic parts 
to meet your EXACT specifications 


Through the years Wisconsin Porcelain 
Co. has consistently demonstrated its 
ability to make ceramic parts to exact 
requirements. 

The uniformity and toughness of 
Wisconsin Ceramics speeds assembling 
and reduces production costs. Wisconsin 
Ceramics are especially adapted to auto- 
matic Of semi-automatic processes. 

Whether you need porcelain, refrac- 
tory, steatite or filter parts, you will find 


that Wisconsin Ceramic parts reduce 
rejects to a minimum and help cut 
production costs. 

We will be glad to quote prices and 
delivery ...or our engineers will work 
with you on special Ceramic problems. 

Serving the Electrical and Electronic 
Industries since 1919. 


WISCONSIN PORCELAIN CO. 
122 LINCOLN ST. * SUN PRAIRIE, WISCONSIN 
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Limited quantity 
of model shop 
samples available 
Submit your speci- 
fications and re- 
quirements with 
your inquiry. 


Photo 
Nike installations, 
courtesy Western 
Electric Company 


RELAYS 


IN IKE 


15 G UP TO 2000 CPS 


DIMENSIONS 
15/32" dia. x 1-3/4" long 


WEIGHT 
7/8 oz. 


OPERATING POWER 
500 MW Max. (This relay is 
available for power require- 
ments as low as 100 MW but 
with slightly less vibration 
resistance.) 


VIBRATION RESISTANCE 
15G up to 2000 CPS 


WING 


Rweesd LONG BRANCH, N. J. 
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clutches. Standard shafts provide ex- 
tensions on both sides and at any of the 
intermediate gear passes. 

Constructed of anodized aluminum 
alloy and stainless steel, meets require- 
ments of MIL-E-5400. Diam is 2.875 
in., length 1.090 in. Gears are AGMA 
precision 1 or better; ball bearings are 
ABEC 7 double-shielded. Precision 
Mechanisms Corp., 577 Newbridge Ave.., 


East Meadow, N. Y. ->534 


MAGNETIC CLUTCHES 

Type DZ line of precision magnetic 
clutches is offered in Mark 8 or Size 
18 frame, 1°4 in. in Both 
single and have 


diameter. 


double-ended units 


been designed for a wider variety of 
application (14 in. diam shafts). 

All materials and finishes used are 
to military specifications. Specifications: 
24-28 


volts d-c; power consumption, 


: min. 


Nuys 
>535 


torque, 16 oz-in. 
7335 Van 
Calif. 


oO W; Output 
PIC Design 
Blvd., Van 


Corp.., 
Nuys, 


SILICONE RUBBER 
INSULATED AIRCRAFT WIRE 
S1-57421B has 


Federal 


been approved under 
MIL-W-7139A, 


a dual approval, having 


Federal 


Specification 
and carries 
earlier been approved for 
Specification MIL-W-8777A. 
SI-57421B 
rubber 


wire has a_ special sili- 
unusual 


which give it 


insulation and 
finish 


cone 
cream-colored 
high 
flame resistance. General Electric Co.. 


2 >536 


Bridgeport 2. 


abrasion resistance and good 


Conn. 


SOLID STATE 
COUNTER-CONTROLLER 


The BD-1 is furnished with single or 
dual preset up to 6 digits. Presetting 
is clearly indicated through illuminated 
number dials. Batches, totals, or prog- 
ress count may be read on large, back- 
lit numerical display. 

Printer can be set to print batch 
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Fawick SC Magnetic Clutches give... 


better motion control 
for your machinery 


Wherever power is transmitted into motion—speed selection, reversing action, 
controlled torque, positioning, indexing—maximum machine performance 
depends upon accurate, consistent operation of the clutch. FAawick SC Mag- 
netic Clutches have been proved in a number of applications. They maintain 
their excellent operating characteristics despite heat and high cyclic rates. 

The many machinery builders who have tested and then specified FAWICK 
SC Magnetic Clutches make it evident that they are performing “‘to specifica- 
tion” —efficiently, and with maximum space savings. Perhaps you have an 
application which requires the best in magnetic clutches. Call your nearest 
FAWICK representative—he’ll arrange for a meeting at your convenience and 
for rapid shipment of trial units for you to test. Or you can contact the home 
office in Cleveland. 


Fawick SC Magnetic Clutches enable you to control these 


factors precisely: TORQUE CAPACITY: The maximum torque transmitted by a 


TORQUE BUILD-UP and DECAY TIMES: Engagement and disen- 
gagement times of Fawick SC Clutches are extremely short 
— and they can be accurately controlled by varying the cur- 
rent in the coil. Furthermore, they remain consistent, remov- 
ing doubt and guesswork from precision machine operation. 


i ~~ 


+ 
TORQUE BUILD-UP TIME | 


—t 


TIME IN SECONDS 


TORQUE DECAY TIME 


50 100 150 200 250 300 
PERCENT OF RATED AMPS 


Curves show the effect of changing current input on the torque 
build-up and decay times for the SC-650 Magnetic Clutch. 


PERCENT OF RATED RUNNING TORQUE 


Fawick SC Clutch can be controlled by varying the current 
in the coil. This is particularly important where critical limits 
must be placed on loads or speeds. Again, consistency plays 
an important part in maintaining clutch operating accuracy 
from one engagement to the next. 


160 
150 


130 
RUNNING TORQUE 


20 40 60 80 100 120 140 160 
PERCENT OF RATED AMPS 


Curves show the percent of rated torque capacity at various 
inputs of current (typical Fawick SC Clutch). 


FAWIC 


¢ 
INDUSTRIAL CLUTCHES AND BRAKES 


FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 
9919 CLINTON ROAD «+ CLEVELAND 11, OHIO 
Fawick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 
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TITAN ATLAS BOMARC POLARIS TALOS 


THERE IS A REASON ...why CHRISTIE 


was selected as the principal source of 


[-C Power Supplies for all the above 
projects... RELIABILITY 


CHRISTIE’S rigid Quality Control is approved by the A.E.C. 
and leading Aircraft and Missile Manufacturers. 


CHRISTIE ELECTRIC CORP. 
3410 W. 67th St., Los Angeles 43, Calif., Dept EM 


Precisely regulated Power Supplies of permanent stability. Ratings up to 1500 
amperes. Bulletin on Standard Militarized units available on request. 


Circle 209 on page 


totals at periodic intervals, with index 
number that reads for elapsed time, 
or to clear upon printing. 

Operate under line voltage fluctua- 
tions of +15 per cent from 117 to 220 
volt a-c line. Input signal: between 

50 and —50 volts. Function in tem- 
peratures up to 125 F without special 
cooling. Counting rates up to 100 ke 
(and up to 1 me in special models). 
Size 19 x 12 x 16 in.; weight 21 Ib. 
Presin Co., 12128 W. Pico Blvd., West 
Los Angeles 64, Calif. >537 


MINIATURE LATCHING RELAY 
The KE 6PDT miniature latching re- 
lay remains operative under 30 g 
shocks and 10 g vibration at 55 cps. 
Requires only a 1.5 w pulse for 10 


millisec to transfer the contacts. Is de- 
signed for intermittent duty. 
Contacts rated at 2 amp, 115 volts, 
60 cycles for resistive loads. Unit is 
a d-c relay that operates on voltages 
up to 48 volts. Can be furnished open 
or hermetically sealed. Open relay is 
1s in. high x 17% in. wide x 1%8 
in. deep; weighs 4 oz. Sealed version 
is 2'45 in. high (seated) x 14 in. 
wide x 142 in. deep and weighs 6 oz. 
Potter & Brumfield, Inc... Princeton, 


Ind. >538 


MINIATURE WIRING DUCT 
Miniature wiring duct for electronic 
installations is available in complete 
range of small cross sections, all 
featuring snap-in slot design which 
allows wire to be laid after terminals 
have been attached. 

The duct slots are separated by 
individual plastic fingers which flex 
enough to allow wire to be inserted 
in slots, but which snap back into 
place after insertion. The duct cover 
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¥% HP Heavy 
Duty Rovter 


#63 Heavy Duty 
Portable Saw 


Heavy Duty 
Automatic Polisher 


qe 
7” Standard Sander ps 


5” Portable Grinder 


THE UNITED STATES GRAPHITE COMPAN 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, 


help give BLACK & DECKER 
INDUSTRIAL TOOLS 
power, long life, 


maintenance-free service 


For more than forty years Black & Decker electric tools have 
been recognized by users as the most dependable and adequate 
tools of their kind. This reputation has been earned through 
rigid quality control, intensive research, testing and design 
engineering. To help make these tools first in performance and 
quality the world over, Black & Decker specify 

USG motor brushes. (Some of the industrial electric tool 


applications are pictured here.) 


United States Graphite Company (USG) brushes are giving 
excellent service not only in Black & Decker products, but also 
in hundreds of installations, large and small, throughout 
industry. Because the brushes in any electric powered unit are 
so vital to the long life, power and maintenance-free . 

service of that unit, it pays to specify USG brushes 

of carbon, carbon-graphite, electro-graphite, graphite, 


metal graphite or silver graphite. 


Write for catalog B-56 and the USG 
grade list. Most of the information 
necessary to design engineers is con- 
tained in these two books. 


B-246-1 


MICHIGAN 


GRAPHITAR® carBon-GRaPHité © GRAMIX® powpERED METAL PARTS ©MEXICAN® crapHite PruoucTs © USG? Brusnes 
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Solve Your 


HOT PROBLEMS 


with 


VULCAN 
A ty i Se 








TUBULAR 
HEATERS 


Use Vulcan Electric Tubular Heaters 
when you need considerable heat in 
confined space: straight or formed in 
variety of shapes for liquid, gas or 
metal heating; for casting into iron or 
aluminum. Threaded fittings are avail- 
able for liquid immersion heating — 
water, oil, etc. 

You have a wide choice of sizes —10” 
to 148” (or longer); diameter — .250”, 
.280", .333”, .450"; wattage — 10 
to 10,000 (or higher); voltage — stand- 
ard 120 or 240, special 6 to 480 (or 
higher); sheaths — copper, steel, high 
temperature alloys; finned also avail- 
able. 

When your hot problem calls for 
unusuol specifications, you get a speedy 
solution through Vulcan Versatility in 
engineering or production. Standard or 
special, Vulcan is ready to supply your 
complete needs in low cost efficient 
heating units — tubular, immersion, 
cartridge, strip, finned, band and ring 
heaters. Send coupon for catalog 
and prices. 


¢ 


ELECTRIC COMPANY 
DANVERS 30, MASS. 


Cartridge + Strip « Tubular » Immersion Electric 
Heaters + Soldering and Branding trons 
Solder and Giue Pots 
Se 
VULCAN ELECTRIC COMPANY 

Donvers 2, Mass. 








Please send catalog and price information 
on Vulcan Electric Heaters. | am especially 
interested in (check): 


D Tubular 

DC Immersion 

D Cartridge 
NAME & TITLE 


O Strip 
0 Finned 


COMPANY 
STREET & NO. 











CITY & STATE 
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also snaps into place, further reduc- 
ing wiring time. 

For standard mounting, an ordinary 
screw may be used through a_ hole 
drilled in base. Duct easily cut with 
a fine-tooth hand or power saw. Cor- 
ners can be mitered. No fittings re- 
quired. For fast, easy mounting, com- 
pany supplies a snap type spring steel 
clip. Panduit Corp., 14461 Waverly 
Ave., Midlothian, III. >539 


SEQUENTIAL PROGRAMMER 


Models FP 2 and FP 6 sequential pro- 
grammers for missile use eliminate 
need for clutches, cams, snap-action 
switches and (in many instances) re- 
lays. 

Accuracy of 0.2 sec can be obtained. 
Total operating time available from 15 


to 800 sec. with other times available. 
Switching contacts during timing run 
can be as short as 0.5 sec, 
as total operating time. 


or as long 


Have passed environmental conditions 
of vibration at 20 g’s to 2000 eps, ac- 
celeration of 50 g’s for 10 sec in 6 
planes, shock of 100 g’s for 1.3 milli- 
sec in 6 planes, temperature of —60 to 
160 F and altitudes up to 80,000 ft. 
Weight, 2.5 lb. width 2.125 in., length 
5 25 in., height 3.50 in. Pomona Elec- 
tronics Co., Inc., 1126 W. Fifth Ave.. 
Pomena, Calif. >540 


AUDIO CIRCUIT MODULES 


Eleven audio circuit modules can be 
used in various combinations to make 
up common circuits, reducing pre-de- 
sign and breadboarding time. Trouble 
shooting, simplified often eliminated. 

Modules can also be used in pro- 
duction of electronic equipment. All 
eleven modules can be combined to 


build at least 35 complete circuits in- 
cluding tape recorder, broadcast pre- 
amplifier, broadcast line amplifier, tape 
playback amplifier, public address sys- 
tem, control amplifiers and modulators. 
Packard-Bell Electronics Corp., 12333 
W. Olympic Blvd., Los Angeles 64, 
Calif. >541 


MINIATURIZED 
TRANSFORMERS 

Micro-miniature transformers are high- 
density units custom-designed to uset 
specifications for both military and 
commercial applications. 


Occupy a volume of 20 units per 
cu in. and weigh 175 units per pound. 
Are suited for missile and_ transistor 
circuits where reliability and size are 
critical. Units may be uncased, encapsu- 
lated or molded plug-in type. Palo Alto 
Engineering Co.. 620 Page Mill Rd.. 
Palo Alto, Calif. >542 


TRAVELING WAVE 

TUBE SHIELD 

Sturdy, ducted Netic TWT shield di- 
rects magnetic field developed by en- 
closed solenoid structure, acts as di- 
versionary shield for fields originating 


in associated equipment and provides 
more uniform cooling. 

Low reluctance characteristics shorten 
return path of magnetic field, confin- 
ing generated magnetic flux. Hot spots 
eliminated and more uniform cooling 
attained by center air intake which 
exhausts at both ends. 

Is non-shock sensitive, non-retentive, 
does not require periodic annealing 
and meets environmental requirements 
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A plane’s 





Lg 


se 


Aircraft parts of Synthane lami- 
nated plastics combine light 
weight, strength and electrical 
insulating properties. 
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Almost anyone who flies spells 
‘Reliability’ with a capital “‘R’’. 
Which is one reason why the aviation 
industry is a good customer for 
Synthane laminated plastics. There 
are other reasons. 

Synthane is a material with many 
useful properties in combination. 
It’s light in weight (half the weight 
of aluminum). It’s an insulator with 
high dielectric strength, low dielec- 
tric losses, excellent insulation re- 
sistance. It’s easily machined and 
resistant to chemicals. You’ll go far 
to find one material with all these 
desirable characteristics. 

But Synthane is more than a 
material. It is an investment in re- 
liability. Quality control from the 
raw materials to the finished product 
assures you of uniformity and rigid 
compliance with your most exacting 
requirements. 
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best friend is Reliability 


Synthane is people. People who 
have grown up with our company 
and take pride in turning out a first- 
class job. People to whom promises 
of delivery mean something. People 
who are specialists in working with 
laminated plastics. In short, people 
you can count on. What does all this 
cost you? Little or no more than you 
are now paying for other plastic 
laminates. 

If you are interested in a reliable 
source of laminated plastics, you 
might remember that after ‘“‘R’’ for 
Reliability comes “‘S”’ for Synthane 

.. and Service. 


SYNTTANE 


SYNTHANE CORPORATION, 17 RIVER ROAD, OAKS, PA, 





219 





Precision Components . . . another Kearfott capability. of MIL-E-005272B. Magnetic Shield 


Div.. Perfection Mica Co., 1322 No. 
Elston Ave.. Chicago 22, Ill. >543 


TRANSISTORIZED BUFFER 
MEMORY SYSTEM 


a Buffer memory Model 144M4A is de- 
hi h ee signed to permit expansion of computer 
£ systems without costly redesign of mem- 

t t ory package. Operates in ambient tem- 


peratures between 15 and 50 C. Max 
rate of operation is 100.000 eps, load 
or unload operation, and unit is avail- 
able with random or sequential type 
access, 
Kearfott components for missile and Unit is a 144-character, 4bit sequen- 
aircraft systems can provide opti- 
mum performance at temperatures 
as high as 200°C. Moreover, this ; Memory is self-contained: includes pow- 
peak performance is unaffected by P er supply, address counters, output 
2000-cps vibration and 50-G shock. ; register, drive circuits and timing gen- 
Kearfott’s compact, light-weight erator, as well as required number of 
and corrosion-resistant components memory planes. 
provide this consistent record of Mounts in standard relay rack where 


eeruEncy : its 5 in. height and 14 in. depth util- 


tial-in, sequential-out buffer memory; 


however, size can be varied easily. 


ize min of space—approx °4 cu ft. Gen- 


Synchros: Sizes 8 through 25. Errors as ‘ 
low as 20 seconds from E. Z eral Ceramics Corporation, Keasbey, 
oer Be F >544 


Motor-generators: Sizes 8 through 18. 
Linearity of 0.01%. NO-DRAIN CIRCUIT 
ANNUNCIATOR 


Annunciator with flashing sequence 


Servomotors: Sizes 8 through 25. 
Wound for transistorized 
amplifiers. 


alarm and no-drain circuit is designed 


for monitoring complex automatic 


Kearfott research is continually developing even more equipment from 24 to 96 points in utility 
accurate and more durable components... preparing for the and continuous process industries, 

needs of tomorrow. For details, write today or contact Series 61 is a completely integrated 

your nearest Kearfott sales office. unit with all plug-in relays hermeti- 

cally-sealed. Remotely mounted auxili- 

Engineers: K carfott offers challenging opportunities ary equipment eliminated by contain 

in advanced component and system development. ing all relays inside cabinet. Further 


m 
13) 
c 
v 
z 
m 
z 
4 
N 


B CORPORATIO 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A Subsidiary of General Precision Equipment Corporation 
Soles and Engineering Offices 1378 Main Ave., Clifton, N. J 
Midwest Office 23 W Calendar Ave La Grange II! South Central Office 6211 Denton Drive, Dallas, Texas 
West Coast Office 253 N Vinedo Avenue, Pasadena, Calif 
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SEND FOR THIS al 


BI i sic 


BRONZE 


The NEW 
Chase Alloy gives you 
Superior properties 
no other alloy 
can match 











CONTENTS 


Mechanical Properties 
Physical Properties 


Comparison with Other Metals 
teristics and high corrosion resistance! It will out-perform Test Data 


IT’S NEW! IT’S DIFFERENT! Chase Silnic Bronze is a Nickel 
Silicon Bronze alloy, combining high tensile and high yield 
strength, high conductivity, excellent cold-forming charac- 


the metal of its type you’re using now—let us show you! Fabrication Information 


End-product Properties 


Send today for your FREE Copy of the metallurgical report plus other needed information! 


on SILNIC Bronze. See for yourself where and how this new 


Silicon-Bronze alloy can help you. See how S1Lnic BRONZE 

can aid in the production of just about any fastener you make 

today from bronze rod or wire—and in studs, springs, shafts, ase 

gears, electrical connectors. e 


BRASS & COPPER CoO. 
Ask your nearest Chase Representative for further details ee eae ee 


wh : 7 Subsidiary of 
... locally, or by writing Chase at Waterbury 20, Connecticut. Kennecott Copper Corporation 


The Nation’s Headquarters for Brass, Copper and Stainless Steel 
Atlanta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston Indianapolis Kansas City, Mo. Los Angeles 
Milwaukee Minneapolis Newark New Orleans New York (Maspeth, L.1.) Philadelphia Pittsburgh Providence Rochester St.Louis San Francisco Seattle Waterbury 
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compactness attained by using smaller, 
brighter visual signals. 

No power used by unit when all 
signals are normal. Instant operator at- 
tention directed to off-normal condi- 
tions by flashing sequence and audible 
alarm. Panellit, Inc., 7401 No. Ham- 
lin Ave., Skokie, IIl. >545 


4 
Yes 


O44 TTTE Z 
Yh, 


INSTALLATION 
HELICAL GEAR ASSEMBLIES 
TIME CUT Type “DS” helical gear assemblies 


with ratios from 1:1 to 4:1 are 
suitable for right angle drives and 
can be used as speed reducers as well 

















as speed increasers. 
Units are available in 3 shaft sizes 


...With help from Miller 


Se 


mt oo LO) ad LO] a - 110), 4 


of 14, 46 and 14 in. diameters. Hous- 
ings are cast aluminum and anodized 
to MIL specifications. Gears are cut 
to AGMA precision le tolerance and 
backlash through entire train is main- 
tained to within 10 ft max. PIC 
Design Corp., 477 Atlantic Ave., East 
Rockaway, N. Y. >546 


*A designer for a leading electrical wiring 
device manufacturer hit upon a new design 
for a contact used in wall receptacles: elimi- 
nate the tie-down screws for incoming wire. 
Result—up to 30% saving in installation 
time... if a metal possessing the necessary 


properties could be found for the part. MINIATURE PHOTOHEADS 
The design called for a metal exerting just 
enough tension to lock the wire in place 
when inserted, keeping it from pulling out 
during installation and use. The headaches 
began when alloy after alloy fractured in 
forming the intricate part. 


Series of miniature photoheads is de- 
signed to solve problem of mounting a 
sensing device in a limited area. Unit 
is only slightly longer than a paper 
clip. 

Said to have an average light source 
Then Miller entered the picture. Working | life of 5000 hr, these photosensitive 
closely with the manufacturer, Miller special- 

ists were able to develop and supply a phos- 

phor bronze alloy that entirely licked the 

fracture problem—and exhibited sufficient 

pressure to ensure good conductivity through- 

out a lifetime of service. 


If savings in assembly and installation time, 

eliminating reject problems and cost-cutting 

from mill to finished part have a place in 

your operation, find out how Miller's experi- 

ence in custom-tailoring phosphor bronze | semiconductors may also be used as a 
can save you time and money. reflected beam photohead. Designed 
for industrial use, they can be fur- 
nished with alignment brackets to in- 
sure proper relation of light source 


WRITE FOR FULL DETAILS and receiver. Post Electronics, Div. of 
Post Machinery, Beverly, Mass. ->547 


*Name and case history on request 


FLATBACK PAPER TAPES 
ROLLING MILL Two tapes, EM 3979 hi-temp flatback 


tape and EM 4082 hi-temp flexible flat- 


DIVISION back tape have a specially compounded 
THE MILLER COMPANY | rubber-resin white adhesive mass. 
MERIDEN. CONN Both have good high temperature 


and cold temperature resistance, mak- 
ing them suited for holding and mask- 
- WHERE PHOSPHOR BRONZE IS THE MAIN LINE—NOT A SIDELINE ing during baking operations, as well 
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New silicone-treated insulations 


break the cost barrier 


New Type 31 and Type 32 Quinterra sheet insulations offer 
unusually good electrical properties at reduced vosts. 


Johns-Manville introduces... 


Type 31 and Type 32 Quinterra—100% purified 
asbestos with high silicone resin content 


A combination of 100°% purified asbestos 
sheet and high silicone resin content gives 
these new lower-cost electrical insulations 
unusually high performance character- 
istics for Class. H equipment. 


Quinterra, the basic material, is in itself 


a “lasting” dielectric sheet of highly puri- 
fied asbestos, with fibers tightly and uni- 
formly matted. New silicone treatment 
achieves an unusually high dielectric 
strength of 600 Volts Mil for the first 
time in lighter calipers . . . with high 
retention of this dielectric strength after 
prolonged temperature exposure. 


Both types feature high tensile strength 


and low moisture absorption factor of 


about 2% after 24-hour immersion. 
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Type 31 Quinterra offers 
these additional advantages: 


. Two light calipers—3.5 and 4.5 Mils. 
. Extremely high 45-50°, resin content in 


both calipers. 


- High (600 Volts/Mil) dielectric strength 


in both calipers. 


. High retention of dielectric strength after 


temperature exposure. 


Type 32 Quinterra offers 
these additional advantages: 


. New silicone resin for a combination of 


good electrical properties and superior 
saturating characteristics. 


Ser 


(Q® Jonns-MANVILLE 
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. Three calipers—6.5, 9.5 and 15.0 Mils. 
. Range of dielectric strengths from 600 


Volts/ Mil in 6.5 Mil caliper; good dielec- 
tric in 15 Mil. 


. Range of resin contents running from 


45-50°% in lighter caliper to 30° in 
the heavier 15-Mil sheet. 








For complete specification sheets, and 
samples of both these new low-cost 
Class H insulation materials, write 
Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont. 








OWNS MANVILLE 
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Vi dS} oN r : ~~ | as high hold in cold storage and out- 
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door exposure. 


— 
* BRACKETS 


S Saeed Wey Tapes also have stain-resistant ad- 
CHASSIS BEN hesive which permits application on 
enamelled and lacquered surfaces with- 
out discoloration. Permacel-LePage’s 
Inc., State Highway 25, New Bruns- 


wick, N. J. >548 


: ; ; ; : , MINIATURIZED TUNING 
Need just a few Stampings at the experi- ( 
mental or pilot stage? Our Machine Cut FORK RESONATORS 


Method uses no dies! Applying custom-built Ruggedized to take vibration and 15 
slitters, cutters, notching dies, slotting dies, g. 11 millisee shock, new MJ series 
bending tools and stock punches—plus spe- resonators will operate with either 
cial techniques and skills—we deliver small 

quantities at very low cost. 


FOR THE SHOW... 


Need a short run! More than a few Stamp- 
ings, but still not enough to warrant high pro- 
duction quantities? Our Low-cost, Short Run 
Tooling Method does it! Simple contour dies 
and special purpose presses keep costs down. 
Newly expanded facilities speed deliveries. 


T0 MAKE READY... - r a transistors or tubes. Available in fre- 


quencies from 400 to 2200 eps. and 


Need production runs? You'll be interested : e. 
in 0.01, 0.02 or 0.05 per cent overall 


in our modest die charges on larger quanti- 
ties. Our regular Production Tooling Method 
—designed to deliver highest quality at lowest 
unit cost—will readily solve your Stampings 
problem of any magnitude. 


accuracy ratings over operating tem- 
perature range of 59) to +85 C., 
Hermetically sealed evacuated units 
Me x 1*40 x 25 


are x in. high and weigh 
1.5 oz. Philamon Laboratories Inec., 90 


Hopper St., Westbury, N. Y. >349 


STAMPINGS PROBLEMS GO... ((S\, LNear iouctors 


Line of adjustable and fixed linear 
Our nation-wide service does it! Specialized 


experience determines the best of 3 methods 
...to produce top quality stampings. ..stand- 
ard or special...one or a million...faster, and 
at lowest possible cost. Let us quote your next 
stampings job. Brazing, welding or assembly 
jobs, too. There’s a factory-trained sales engi- 
neer in your area—it pays to know him well! 


inductors is designed to replace to- 
roids in wave filters, resonant circuits, 
impedance choke applications, and 
resonant transformer applications. 
Variation of inductance is linear 
from 55 to +125 C. Temperature 
coefhicients of 55 to 161 ppm = are 
available. Self-compensating with poly- 
styrene foil capacitors in resonant 
meshes. Have a higher Q than toroids 
over a wider range—typically, 500 at 


50 ke. 


Other features: small size; Q varia- 


w 
a 


| Ex | 
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METALLIC GASKETS + ELECTRONIC CHASSIS 


LAMINATED SHIM COMPANY, INC. STAMPINGS 
...on most Bid Lists BY LAMINATED SHIM CO. SPECIALISTS 


4811 UNION STREET, GLENBROOK, CONN. | 60 40°20 0 20 40 60 BO 100 120 1a 
CLAMPS + BRAZED ano BENCH ASSEMBLIES DEGREES CENTIGRADE 


STAMPINGS DIVISION 
“One Piece or a Million” f 


nl 
_\ 
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CHANGE IN INDUCTANCE 
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WASHERS 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





WHEN A SIGNAL ALMOST ISN’T... 


We feel like passing out cigars because our development engi- 
neers have given birth to a new addition to the CONTROL 
standard line of proportioning reactors that never wear out. 
It’s a pre-amplifier that will work from a 200-microwatt signal, 
with a 3-cycle response. Hitch it toa CONTROL proportioning 
reactor and in one step you have wide range control of a 2-KVA 
load. That means if you have to work from the minute output 


of a small tach-generator, thickness gauge, electronic relay or 


process control instrumentation, you should write us. We've got 


CONTROL pre-amplifier specifications ready for you. 


THE HECK 
WITH MAINTENANCE! 


There are no moving parts in a CONTROL 
proportioning reactor. There are no filaments 
to burn out. There are no adjustments to make. 
You can bury them, fly them through the tropo- 
sphere, or install them in the corrosive atmos- 
phere of a chlorine plant—it makes no differ- 
ence. If you’re tired of control equipment that 
has to be pampered with maintenance, you're 
for us. Servicing? Parts replacement? No more, 
friend, no more. We're better than hormones 
for the pooped-out control engineer. Why not 
write us your troubles? 


DESIGN CONTROL CIRCUITS 
WITH BUILDING BLOCKS... 


When we took “never wear 
out” magnetic devices into the 
industrial control field, we 
made the grand plunge—de- 
signed standard lines which a 
systems engineer could design 
into his equipment right from 
the CONTROL catalog. That 
put an end to the high price of 
the unusual advantages of sat- 
urable reactors. Instead of cus- 
tom designing, we mass pro- 
duce—and your costs come 
tumbling down. Want to select 
the building blocks to design 
your control circuits? We have 
information on CONTROL’S 
standard proportioning reac- 
tors—theory, characteris- 

tics, typicaluses. It awaits 

your letter. 
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Reliability begins with CON TROL, 
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A DIVISION OF MAGNETICS. INC 
DEPT. EM-53, BUTLER, PENNSYLVANIA 
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ANOTHER ACME ISONEL WIRE! 
Specify +175-Class F-155° C 


ACME Isonel Wire #175, when 
used with compatible varnishes, is 
suitable for Class F applications. 


ACME Isonel Wire #175 has all the 
properties of Formvar Wire PLUS 
without increase in cost. 


ACME lIsonel Wire +175, when 
used with ACME #150 Varnish, is 
suitable for Class B applications. 


THE ACME WIRE COMPANY on 
NEW HAVEN, CONN. 


MAGNET WIRE «+ COILS + VARNISHED INSULATIONS 4 the 
INSULATING VARNISHES AND COMPOUNDS “eermyer™ 


@®eeeeeeoeseeaeeeeaneeneneneneneeee @ @ 
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NYLON BOBBINS ™ 
Reduce Your Coil 
Production Cost 


A. Flange Size 
Maximum Y%”" x 3” 
B. Core Size ' 
Maximum 2 
@ Costly secondary operations Minimum 5/32” 
can be eliminated by incorpo- Cc. Core Length 
rating economical terminal Maximum 3-172" 
designs.into the molded part Minimum 1/4 
Winding rejects resulting from D. Wall Thickness 
insecure flanges are elim- Maximum -093” 


nee ree Minimum -025” 


Cosmo Nylon Bobbins are 
accurately and economically 
molded to your particular 
specifications. Dimensional 
stability, high precision, close 
tolerance and reliable uni- 
formity is assured 


Our engineering service is 
available on request. Send 
your specs to Cosmo for 
prompt action 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Illinois, Massachusetts, Michigan, Minne- 
sota, ae New Jersey, Ohio, Oregon, Utah, Washington & Canada 
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tion of + 10 per cent from —30 to 
+-85 C; inductance range of 100 ph 
to 2 henries. Pulse Engineering, Inc., 
2657 Spring Street, Redwood City, 


Calif. 550 


TRANSISTORIZED CHOPPER 
WEIGHS 1 GRAM 


Model 60 chopper is 14 in. diam x 1% 
in. long, encapsulated to withstand 
shocks of 2000 g for 11 millisec, vi- 
brations of 30 g up to 2000 cps and 
acceleration of 5000 g. 

Can be used either as a modulator 





or demodulator and can be driven from 
d-c to hundreds of kilocycles, sym- 
metrically, nonsymmetrically or ran- 
domly. Is stable and free from drift 
over wide temperature range, —40 to 

+80 C. 

Other features: weight 1 gm (454 
choppers to the pound), low power, 
high speed, long life and high effi- 
ciency. Not subject to contact bounce, 
wear, pitting or burning. Solid State 
Electronics Co., 8158 Orion Ave., Van 
Nuys, Calif. >551 


THREE-WIRE 
GROUNDING OUTLET 


Grounding outlet No. 5232, with pres- 
sure terminals, is for use with Nos. 
12 and 14 solid wire and has high- 
quality bronze springs that hold wires 
securely and prevent loosening from 
vibration. Bronze contacts with 
rounded surfaces assure trouble-free 
insertion and withdrawal of cap 
blades. 

Wide release slot permits loop wir- 
ing for simplicity and time saving. 
Unit also has recessed gage to indi- 


(Continued on page 230) 
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KEEP UP-TO-DATE ON MAGNETICS 


Now—guaranteed practical inductance limits for regular 


and frequency-stabilized permalloy powder cores 


Call them frequency-stabilized or temperature stabilized, the 
important thing about these new molybdenum permalloy 
powder cores made by Magnetics, Inc., is our guarantee of 
core inductance within realistic limits. You can write—right 
now—for these guaranteed limits. 


Filter circuit designers will take note that these guaranteed 
limits for permalloy powder cores are far tighter than those 
published before. Note also that they are guarantees on in- 
ductance which is the parameter of chief concern to the core 
user rather than on permeability. 


This can save you dollars on your production line—by cut- 
ting down on adjustment of number of windings on coils. 
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And you know, too, that temperature stabilization eliminates 
difficult compensation problems. 


But did you know that we guarantee these new inductance 
limits for all of our permalloy cores, whether stabilized or 
not? For all the facts, write us at Magnetics, Inc., Dept. EM-47, 
Butler, Pennsylvania. 


MAGNETICS inc. 
“TT 
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Plaskon 


OYLVANIA USES 
PLASKON ALKYD 


to streamline production 
on NEW 8-pin socket 


ADVANTAGES OF PLASKON ALKYD 


It provides high arc resistance 
plus outstanding electrical values 


[7 it produces sturdy parts 

7 It molds rapidly at low pressures 
Here’s the problem that faced Sylvania: To 
produce efficiently a high-quality anti- 
corona socket (used to resist high voltage 


disturbances in miniature equipment). 
The socket had to be of a material posses- 


sing excellent arc and insulation resistance 

. superior dimensional stability for uni- 
formly precise moldings . . . a material 
which would meet the most demanding 
performance standards. 


To obtain these values economically, 
Sylvania chose mineral-filled PLASKON 
Alkyd. Only PLASKON Alkyd combines 
these advantages—plus others which re- 
sult in higher rated electrical and elec- 
tronic parts. 


lif you have performance problems that might be solved by 
better electrical insulating materials...you’ll want to know more 


about PLASKON Alkyds. 
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Sylvania’s new octal anti-corona socket is designed Automatic 
to give effective protection against high voltage 


disturbances. , ' pin insertion 
od with 


Plaskon Alkyd 


Time and money are saved by mold- 
ing tiny holes into the PLASKON 
Alkyd part, then inserting the pins. 
PLASKON Alkyd withstands jarring 
impact of high speed machines which 
automatically position and fasten 
contact pins. 


The mold sections from which 
these tiny holes are molded are ex- 
tremely precise and intricate—costly 
to replace. Lower molding pressures 
required for alkyds prolong mold 
life and reduce tool costs. In Canada: 
Allied Chemical Canada, Ltd., 1450 
City Councillors St., Montreal. 


Write for information 
or technical assistance. 


llied 
PLASTICS AND COAL CHEMICALS DIVISION . 
Formerly part of the Barrett Division h e m ica | 
40 Rector Street, New York 6, N.Y. 
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Electrons’ thyratrons 
control extruder drive 


Designed by Electric Contr 
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cate length of wire to be stripped, 
and terminals clearly identified for 
black and white wire. 

Meets Federal Specification WR- 
0015Ib. Available in brown with one 
292 


green binding screw (5222) or two 


screws (5232); or in ivory with éne 
screw 5222-1) or two screws 
(5232-1). Pass & Seymour, Inc., Sol- 
vay Station, Syracuse 9, N. Y. 552 


TORQUE MOTOR 


Model 106 is used primarily to ac- 
tuate hydraulic servo valves and other 
electromechanically-actuated devices. 
Measures 4 x 314 x 2'4 in. and 
weighs 3.4 lb. Delivers a 15 lb output 


se 
force at mid-position, and can be 
driven from vacuum tubes, transistors, 
or magnetic amplifiers. 

Other specifications: input power, 
4 w; stroke, 0.020 in.; hysteresis, less 
than 2 per cent. American Measure- 
ment & Control, Inc., 240 Calvary St., 
Waltham, Mass. >553 


HIGH-STRENGTH 
PLASTIC SCREWS 


Line of high-strength Threadlet screws 
features: shanks threaded only as far 
as necessary for each application to 
provide greater strength and stiffness 
in unthreaded portion of shank (this 
also provides a better bearing sur- 
face); plain, unthreaded shanks for 
use with speed nuts or clips; each 
screw torque tested; impact strength 
6 to 8 times greater than nylon; good 
dimensional stability at temperatures 
up to 280-290 F; low water absorption 
properties. 

Available with any American stan- 
dard thread sizes and with any length 
of thread specified by the user. Pylon 
Co., Inc., Attleboro, Mass. ~>554 


WIDE APPLICATION 
CASTING RESINS 


Four of the resins are epoxies or 
modified epoxies and are considered 
standard compounds: Ray-BOND R- 
86006, R-86007, R-86008 and R-86010. 
These can be varied and modified to 
provide a wide range of physical and 
electrical properties in the cured state 
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New Mallory Motor Start 


ing Capacitors 


with BUILT-IN Resistor* 





Cut Assembly Time 


Now — instead of soldering a separate 
resistor across the terminals of a motor 
starting capacitor, install both the 
capacitor and the resistor in one opera- 
tion—with the new Mallory Motor- 
Starts. These capacitors have the 
bleeder resistor deposited, by an exclu- 
sive Mallory process, on the top wafer 
board —between the contact terminals. 


The new Mallory design leaves ter- 
minals completely free of obstructions. 
It not only offers space savings, but 
enables substantial reductions in the 
*Patent applied for 


and Costs 


time and cost of installing the capacitor 
in electrical equipment. 


This is the latest in a long series of 
Mallory developments that have im- 
proved the compactness, dependability 
and current ratings of motor starting 
capacitors. Application of this new 
design can bring you extra economy on 
your next production run. Write for 
complete technical and application 
information—or, if you prefer, a 
consultation by a Mallory capaci- 
tor engineer. 





Serving Industry with These Products: 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors © Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials 


Parts distributors in all major cities stock Mallory 
standard components for your convenience. 
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P.R. MALLORY & CO. inc 


P. R. MALLORY & CO. Inc INDIANAPOLIS 6, INDIANA 
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cores 


Thomas & Skinner’s Orthosil® 
Wound Cores are ideal for 
special applications and can be 
specially tested to customer re- 
quirements prior to shipment. 

These TaS Wound Cores meet 
and exceed customer require- 
ments in respect to all magnetic 
characteristics. 

Besides complete assurance of 
quality and specification con- 
formity, TaS offers its highly 
qualified engineering assistance 
—based on more than 50 years 
of experience in the magnetic 
materials industry—to help you 
select the core best suited for any 
given application. 

TaS’s entire organization 
prides itself in anticipating a cus- 
tomer’s problems in advance and 
providing the correct engineering 
recommendations to prevent such 
problems from materializing. 


SPECIALISTS IN 
MAGNETIC MATERIALS 


Permanent Magnets ® Magnetic Tapes (\_\ 
Laminations & and Wound Cores Gi 


1114 East 23rd Street, Indianapolis 7, Indiana 
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and a wide latitude in handling prop- 
erties before curing. 

Features of resins included in line 
are: good electrical insulators over 
wide temperature and frequency range 
and under adverse atmospheric condi- 
tions; have high tensile. c*m»ressive 
and impact strength and resist thermal 
shock; resist water, 
cals and fungi and have low moisture 


common chemi- 
absorption; can be applied as a free- 
flowing liquid which will harden with 
virtually no shrinkage; can be used 
with solvents for application of a thin 
film or without 
thick insulating layers; and 
tightly to metals and most 
plastic surfaces. Raybestos-Manhattan, 
Inc., Adhesives Dept.. 
Conn. 


solvents to build-up 
adhere 
wood, 


Bridgeport 2. 


>555 
MINIATURE RELAY 


Series 300 relay for low level circuit 
features an 
increased magnetic force that provides 
higher contact pressures and greater 


or general-purpose use 


travel. Design incorporates a solenoid 
type of magnetic assembly with two 
dynamically-balanced plungers. 

A 6PDT relay, its 
include: rated load of 2 amp, 28 volts 
d-c resistive: 


characteristics 


ambient 
65 to 125 C: vibration of 15 
g to 2000 cps with no contact chatter: 


temperature 
range of 


and shock resistance to 50 g. 11 millisec. 
Price Electric Corp., 1500 Church St., 
Frederick, Md. >556 


COPPER WIRE CLAD WITH 
CHROME-IRON ALLOY 


Oxalloy 28 is suited for applications 
such as leads to heating elements in 
electrical resistance furnaces, elec- 
trical appliances and vacuum tubes, 
and as electrical 
equipment. 

Extends 
pany’s high-temperature 
to 1300 F. Available in round wire 
sizes 0.005 in. to 0.250 in. diam, and 
in tempers ranging from soft an- 
nealed to full hard. Ribbon rolled 
from round Oxalloy 28 wire is avail- 
able in widths up to 0.125 in. Both 


wire and ribbon can be furnished in 


hook-up wire in 


operating range of com- 


conductors 


wide variety of spool and coil sizes 
to meet requirements. Sylvania Elec- 
tric Products Inc., 1740 Broadway, 
New York 19, N. Y. >557 


MINIATURIZED JACKS AND 
PLUGS 


Plug 2379 is available in 2 pin sizes: 
2379-1 has a pin 0.045 in. in diam 
and 0.187 in. long; 
(.062 in. in diam and 0.187 in. 
Jack 2378 2379-1 plug; 


jack 2515 mates with 2379-2 plug. 


2379-2 has a pin 
long. 


mates with 


en 


jee) ane 


2 


These miniature plugs and jacks are 
for quick, tight patch work on panel 
boards where space is at a premium. 
They have permanent gripping power 
due to the use of a floating key and a 
compression spring that assures per- 
fect electrical connection. Cambridge 
Thermionic Corp., 453 Concord Ave., 
Cambridge 38. Mass. >558 


MINIATURE SERVOMOTOR 
Model M-100 in BuOrd Size 11 frame 


has a new stator and 


bobbin-wound coil design. Among per- 


simplified 


formance features are rapid response 
(reaches full speed of 1450 rpm in 
1/1000 sec), internal damping, high 


torque, rapid stall acceleration, and 


(Continued on page 235) 


Circle 226 on page 17> 





Got a Real Tough Starting Problem 7? 





Single-phase Type RA 12 to 15 hp. 


Wagner Repulsion-Start Induction Motors 
start heavy loads with low current 


~— ~ MOTOR STARTING TORQUES 
The Wagner Type RA is the work-horse of the single-phase GET MORE STARTING Q 


TORQUE WITH THE 
SAME HORSEPOWER 


motor field. It combines high starting torque for quick, easy 
starts with low starting current and minimum light flicker. It 
has a constant high operating speed, even under overload, and 
a flat eficiency curve over a wide operating range. MOTOR STARTING CURRENTS 
You practically eliminate service problems when you power 
tough single-phase applications with Wagner RA Motors. They 
have unmatched ability to start high inertia or heavy friction 
loads repeatedly and they give many years of unfailing service. 
Let a Wagner Sales Engineer show you how these motors can 


be applied to your needs. Call the nearest branch office or write 


for Bulletin MU-220. 


Wagner Electric Corporation 


6400 Plymouth Ave., St. Louis 14, Mo. 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


% OF FULL LOAD TORQUE 


1 pole (1750 RPM, 60 cycle and 1450 RPM, 50 cycle) ratings 
are interchangeable in mounting dimensions with capacitor 
start motors of the same ratings. 





qzot a Normal Starting Application? 








EFFICIENT COOLING SYSTEM—The improved ven- 
tilating system used in these motors directs a large 
volume of air through the motor to effectively reduce 
temperatures and add to motor life. Cross section 
above indicates direction of air flow 


Single-phase 
Type RK 
Ye through 5 hp. 


QUICK BREAK SWITCH—The starting winding and 


WAGNER 
capacitor are disconnected from the line by this 


Wagner Switch—test-proved to make more than a 


CA PAC iTO R in STA RT M OTO R S million makes and breaks . . . the equivalent of two 
provide dependa ble starts. ae starts per hour for 50 years 


long troublefree life 


Here’s the single-phase general purpose motor that gives more horsepower with 
less bulk—is rugged enough to permit direct mounting, compact enough to fit in 
tight spots. Available with sleeve or ball bearings — with rigid bases or with 
resilient mountings for exceptionally quiet operation. 


ALL-ANGLE OPERATION 
The sleeve bearing design in fractional hp ratings, has a positive lubrication system 
that permits operation in any position. All angle mounting can mean important sav- 


ings in initial costs to manufacturers—can help the design engineer in a tight spot. 


You can get these motors from leading motor distributors in your community 
and from Wagner Sales Offices in 32 principal cities. Your Wagner Sales Engineer 


will be glad to help you select the right motor for your application. Wagner 
MYLAR* INSULATION — Mylar-paper laminated 


Bulletin MU-217 gives full details. 
slot insulation gives top protection against moisture, 
adds thermal stability, to give more application 


Wagner Electric Corporation versatility and longer life when unexpected over- 


6400 Plymouth Ave., St. Louis 14, Mo. loads occur. * DuPont Trademark 
BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


WAGNER “48" SPLIT PHASE MOTORS. ... 1/6, 1/4, 1/3 hp. 


for low 
If you need a small fractional horsepower motor for use on fans and blowers or on 
starting a wide variety of easy-to-start machines and appliances, you can't beat the Wagner ''48"" 
Type RB Motor. It offers all the advantages of the Type RK described above, with the exception 
torque of high torque capacitor starting. This smaller, lighter, limited use motor can solve 


requirements many application problems economically. 





resistance to shock and high temper- 


hi ’ : | atures (400 F). 
we # 3 Motor can be provided with a variety 
F | of shaft extensions and power and 


voltage ratings. Push-pull and _high- 


voltage types (used for direct coupling 

FLUOROCARBON i sia d | te a driver amplifier, eliminating the 
%, Z need for an output transformer) are 

nee | also available. Ratings of 115 volts in 

PLASTICS PARTS Ya re " diameters down to a fraction of an 
— inch often permit elimination of step- 

down transformers. Dielectric strength 

of 1250 volts is standard, 2000 volts 

can be provided in special cases. 

Dynamic Instrument Corp., 59 New 

York Avenue, Westbury, L. IL, New 

York. >559 


GERMANIUM SWITCHING 
TRANSISTORS 

High frequency switching transistors 
have EIA numbers 2N426 through 
2N428. In standard TO-9 package, they 


are designed to meet or exceed the 
electrical and mechanical requirements 
of MIL-T-19500A. Motorola Inc., Semi- 
Conductor Products Div., 4545 W. 
Augusta Blvd., Chicago 51, Ill. 560 


GRAIN-ORIENTED SELENIUM 


Gain greater design freedom without penalty in pro- RECTIFIER 

duction costs. In this new grain-oriented (T.M.) 
Send us your difficult TEFLON* and KEL-F} part problems selenium rectifier, a polycrystalline 
for quotations. Intricate shapes, inserts, thin sections, selenium layer has been developed 
molding around metallic structures, threaded parts, pre- with grains oriented in parallel fash- 
cision tolerances—all are routine to U.S.G. production. ion rather than the disoriented pattern 


Unmatched experience and facilities for cold molding and 

eu Peat sintering, injection molding and high speed machining— 

Trademark guarantee the best parts made by the right methods and 

tM.M.@M at the right price, when you come to the pioneers and 
edd world leaders in fluorocarbon plastics fabrication. 


For prompt service, contact one of The Garlock Packing Company’s 
30 sales offices and warehouses throughout the U.S. and 
Canada, or write 

United States Gasket Company 


a Camden 1, New Jersey 
nited 
ta tes found in conventional selenium layers. 
° — Much better rectifying performance 
asket Plastics Division of per unit of cell area is claimed. 
Gx Loc Increase in the rectifier’s current 


rating is provided without correspond- 
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Keep equipment at peak 
operating efficiency with 


this \Joew, Low-Cost 
TIME TOTALIZER! 


c 
4, 
rine Tom CONN 


A se is}s 


~ HOURS! 


*Trademark Reg. U. S$. Patent Office 


DIRECT READING COUNTER .. . accurately records oper- 
ating time in hours and tenths up to 9,999.9. 

SMALLER, LIGHTER . . . than any other commercial unit. 
Weighs 5 ounces. Overall length only 214”. 

RUGGED . . . withstands heavy shock and vibration. Oper- 
ates over a temperature range from —55°C to +71°C. 
Case is dust-tight and oil-tight. 


e LOW POWER REQUIREMENT .. . 2.5 watts at 120 vac. 


¢ COMPLETELY DEPENDABLE .. . utilizes the well known 
Haydon Timing Motor. 

@ AVAILABLE . . . for 60 cycle operation at 120 or 240 vac. 
The low cost of this new Series ED-71 Elapsed Time Indi- 
cator makes it possible to provide an economical, accurate 
record of operating time for machine tools, communications 
equipment and practically any other type of industrial or 
commercial installation. Insures accurate scheduling of main- 
tenance, tool changes and parts replacement. Helps to keep 
operating efficiency at a maximum .. . operating and mainte- 
nance costs at a minimum. Other Haydon Elapsed Time Indi- 
cators of similar size and weight are available for military 
applications. 


WRITE NOW FOR FURTHER INFORMATION 





DIVISION OF 
GENERAL TIME CORPORATION 





Haydon 


2535 EAST ELM STREET 
AT TORRINGTON _ [Hetero CONNECTICUT 





HEADQUARTERS FOR TIMING 
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ing increase in cell size. Rectifier is 
available in cell ratings of 18 to 36 
volts. Vickers Inc., Electric Products 
Div., 1815 Locust Street. St. Louis 3, 
Mo. >561 


STANDARD CAPACITORS 


These standard capacitors are stabilized 
silvered mica dielectric capacitors in 
values up to 0.1 uf. Values above 0.1 
uf are fabricated using a combination 


of silvered mica and polystyrene dielec- 
trics, 

\ 4-position adapter is available for 
simple combination of standards to ob- 
tain exact desired values. With com- 
plete set of capacitors, any value 
accurate to 4 significant figures with a 
£0.1 per cent tolerance can be con- 
structed with 4 capacitors plus adapter. 
The adapter is calibrated for stray 
capacitance to maintain accuracy af- 
forded by individual standards. 

Applications: as calibration stand- 
ards, breadboard components, circuit 
simulation devices. Arco Electronics, 
Inc.. 64 White Street. New York 13. 
Mm. e. >562 


MAGNETIC AMPLIFIER 


Model 405 is designed to drive electro- 
hydraulic servo valves used in missiles. 
aircraft and industrial control systems. 
Feature is its response characteristic 
to 50 eps, which permits it to be used 
in critical systems. Hermetically sealed 


> | / 
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MADE IN U.S.A 
TO THE STANDARDS 
OF AMERICAN INDUSTRY 


KKKK KK 








Take Advantage 
of these 
Superior Properties 








Electric Conductivity 
Flexibility 

Thermal Conductivity 
Weatherability 
Corrosion Resistance 
Ease of Fabrication 
Efficient Plating 
Lifetime Durability 
High Finish 

Lasting Beauty 
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At today’s lowered copper prices—you can NOW afford 
to use Copper and Brass wherever the benefits and 
properties of these metals are desirable. 


For the finest quality Copper, specify Hussey and be sure! 


Cc. G. HUSSEY & COMPANY 
( Division of Copper Range Co.) 


ROLLING MILLS & GENERAL OFFICES 
PITTSBURGH 19, PA. 
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subject: 
types: 


conductors: 


source: 


APPLIANCE WIRE 


ALL INSULATIONS including polyvinyl chloride; 


asbestos; silicone rubber; Teflon; Kel-F polyethylene; 
nylon, etc. 


copper; nickel; nickel clad copper; nickel plated iron; 
aluminized iron. 


CONTINENTAL WIRE CORPORATION 


For complete information on the wide range of 
Continental insulated wires and cables, write or call 
CONTINENTAL, Wallingford. 


Where heat . . . moisture ... cold... oil... grease... 
corrosive vapors ... demand a reliably insulated wire 

or cable, be sure to specify CONTINENTAL. A wide range 
of types and sizes in stock, or to special order. 

Give amperage, voltage, diameter limitations, and 
operating temperatures and conditions when inquiring. 


in self-contained, plug-in package. Ex- 
ternal gain and balance controls not 
required. 

Requires less than 3.0 w of 115 volt 
100 cps power, and weighs less than 
9.5 oz. Withstands temperatures up to 
125 C 


: and shocks of 100 g’s. Acromag, 


>563 


VISUAL ALARM CONDULETS 


Visularm condulets can be used to indi- 


cate normal abnormal 
liquid level, 
load, or other conditions. 

Two models available: type EKP is 


explosion-proof, 


and tempera- 


tures, pressures, speed, 


designed for use in 


process industries and similar hazard- 
ous locations; type KP is dust-ignition- 
proof and weather-resistant, for use in 
processing plants and many indoor and 
outdoor locations. 

Factory-wired interior assemblies in- 
terchangeable, so spares can be stocked 
to fit both Model EKP and Model KP 
in plants where both are used. Crouse- 
Hinds Co., Wolfe & Seventh Sts. No., 
Syracuse 1, N. Y. >564 


RELAY MAGNETIC AMPLIFIER 


Model 701 operates on less than 3 pw 
d-c control power and delivers 0.4 w 
output power. 

Can operate small power relays from 
low energy sources such as photoelec- 
tric cells, null detectors and thermo- 
couples with reliability and accuracy. 


Connectable as either a linear am- 


TYPE 


> 


acromss 
RELA! 
AGNETIC A MP 


ROMAG. INCORPORA! 


Co2%72F 22720E72Ff cr 


w2ze corporation | WAtincrord, CONN. 


© YORK, PENNA. 
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CORVEL Cellulosic Finishes—wide variety 
of colors with high surface gloss; excellent 
retention of both color and gloss in water, 
salt spray, sunlight. 


CORVEL Vinyl Finishes—durable with 
extreme toughness; resistant to corrosion 
and most chemicals. Available in a range 
of colors. 


CORVEL Epoxy Finishes—excellent insula- 
tion at elevated temperatures; moisture, 
chemical and impact resistant. Provide a 
hard, smooth surface. 


CORVEL' Fusion Bond Finishes— 


CORVEL Nylon Finishes—to impart the 
outstanding wear and low frictional qualities 
of nylon in coating metals and other base 
materials. 


CORVEL Polyethylene Finishes—provide 
zero water absorption, excellent chemical 
resistance and electrical insulation. 


CORVEL K-51 Penton* Finishes—excep- 
tional chemical and wear resistance. K-51 
Penton finishes can withstand temperatures 
from —40° F. to 250 F. 


*Trademark of Hercules Powder Co. 
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Six new engineered resins 


for product finishing 


CORVEL finishes are specially processed dry powders, formulated for 
use in the patented** fluidized bed coating process. These finishes give 
you the following outstanding advantages: 


e Comparatively heavy finishes (from approximately 0.005” to 0.062”) 
obtained by a single dipping treatment—without the use of solvents. 


e Finishes unmarred by sags, drips or bridging. 


e Uniformity in thickness, with excellent coverage of sharp edges, 
corners and projections. 


Thus, CORVEL finishes can give your products improved durability 
and appearance at minimum cost, and provide new design possibilities. 


Process licensing is now readily available. A process license is automati- 
cally extended to the purchaser of CORVEL powders from National 
Polymer Products, Inc. upon payment of a small royalty added to each 
sales invoice. General licenses to use the patented process are available 


from Polymer Processes, Inc., an affiliate company. 


Information relating the advantages of CORVEL Fusion Bond Finishes, 
to your particular products and details on the fluidized bed process 
and equipment are available from National Polymer Products, Inc. 
Write today for a copy of the new CORVEL Bulletin. 


NATIONAL POLYMER PRODUCTS, INC. 


A subsidiary of The Polymer Corporation 


Reading, Pennsylvania 


+Polymer Corporation trademark for finishing materials 


**U. S. Patent 2,844,489 and over 30 patents pending 
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YOU'LL BE DOLLARS 
AHEAD WITH 
ALCOA ALUMINUM 
FASTENERS 


You save dollars when you use Alcoa® 
Aluminum Fasteners . the lowest 
cost, corrosion-resistant fasteners avail- 
able. They are a perfect color match 
for the aluminum products you make, 
and they insure against both galvanic 
and atmospheric corrosion. For your 
requirements, call your nearest Alcoa 
sales office. Alcoa Aluminum Fasteners 

. in all standard types and sizes... 
are readily available from the complete 
stocks of your local Alcoa distributor. 
Look in the Yellow Pages of your tele- 
phone directory. Alcoa is a “‘natural” 
for specials, too! 


eens ' 
: ALCOA © aicoa THEATRE 


ALUMINUAA > Exciting Adventure 
FASTENERS § Alternate 
Monday Evenings. 











Your Guide to the Best in Aluminum Value 
FACTS. SAMPLES... FREE 


Lee 


Aluminum Company of America 
2241-L Alcoa Bidg., Pittsburgh 19, Pa. 


Gentiemen: Please send complete specification data 
and somples of Alcoa Aluminum Fasteners. 


Nome_ 
Tithe_ 
Company 
Address 


| 
! 
! 
| 
| 
| 
| 
! 
' 
l 
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plifer or as a_bi-stable amplifier. | 
Further, with minor external circuit 
changes, can operate as memory de- 
vice, time delay unit, or as logic device. 
Operates from 26 volts at 400 cps 
and weighs less than 6 oz. Acromag, 


Mich. >565 


TELEPHONE COILS 


Line of transformers are electrically 
and physically interchangeable with 
components made by the Western Elec- 
tric Co. 

Included in line are oval can types 
popular in the 120 repeat coil series. 


These components have been added to 
line of transformers, coils, plugs, jack 
panels. blocks, 
patch cords for telephone industry. 
Audio Development Co., 2833 13th Ave. 
South.. Minneapolis 7, Minn. >566 


terminal jacks and 


LARGE NIXIE INDICATOR 
TUBE 


Jumbo Nixie Type BD-307 has a 3-in. 
diam and is designed for visual pres- 
entation at viewing distances of over 
150 ft. 


Contains numerals zero through 9 
and common anode for circuit simpli- 
city. Desired numeral illuminated with 
neon glow by applying voltage between 
it and common anode. Burroughs 
Corp., Electronic Tube Div., P.O. Box 
1226, No. Plainfield, N. J. >567 





One Device 
Detects & Controls 


MULTIPLE 
SPEEDS 


e@ ACCURATELY 
@ POSITIVELY 
@ RELIABLY 


SYNCROSNAP 
MULTI-TECTOR 


covered by 

patents and 
patents 
pending. 


Syncro-Snap MULTI-TECTOR detects and 
controls as many as eight separate cir- 
cuits, and actuation can be accomplished 
on a high and low speed limit on each 
circuit. F 

For instance, inter-related speeds on auto- 
matéd systems can be synchronized. Ma- 
chine tool speeds can be controlled as 
accurately as Y% of 1%. Speeds of various 
components in aircraft and missiles can 
be sequenced or synchronized. Separate 
drives on equipment, such as large print- 
ing presses, can be actuated at pre- 
determined speeds. A typical use is a four- 
stage MULTI-TECTOR on diesel engines 
which (1) cuts out cranking motor, (2) ac- 
tuates cooling circuit, (3) controls fuel 
requirements, and (4) signals full speed 
and “‘too-low” speed. < 
MULTI-TECTOR measures only 5” in diam- 
eter x 4” deep. Housing is standard to 
provide maximum economy. Individual 
Syncro-Snap switches used in the MULTI- 
TECTOR operate on speed alone, regard- 
less of voltage or load. They possess a 
life expectancy of 1.5 to 3 million cycles, 
with no signs of frictional wear and no 
variance in operating characteristics. 
Send requirements today for quotations. 


TORQ 


ENGINEERED PRODUCTS, INC. 


34 W. Monroe St. * Bedford, Ohio 


Phone: BEdford 2-4100 





Circle 233 on page 17 








NOVEMBER 193 


ea 


...these answers to your control ‘‘puzzles’’ 


industrial applications 

At greatly reduced cost, this larger pilot- 
operated valve permits applications not possible 
before. Designed for air, oil, water. Features 
\%” orifice with %¢” or 14” NPT ports, “4” orifice with 
%” NPT ports, 1” orifice with 1” NPT ports. Pres- 
sure differentials: 5-150 psi. Body is naval forged 
brass. Diaphragm is fully supported. Available in 
standard and Explosionproof construction, norm- 
ally open or normally closed. 


ds NEW two-way valve for high flow 


NEW three-way valve for 

medium-sized cylinders 

Available normally open, normally closed, 
directional control and multi-directional, with 
” inlet and %2” exhaust orifices and 4” NPT 
ports. Designed to control air, oil and inert gases. 
Handles pressures to 125 psi. Body is non-corro- 
sive zinc. Internal parts are stainless steel. 


Wo 


(3 NEW two-way, low-cost, 
pilot-operated valve 

A smaller, lighter, normally closed valve. 
Permits full flow through 1” orifice with %” or 
14” NPT ports. Will control all common media: air, 
oil, water, etc. Pressure differentials: 5-150 psi. 
Forged naval brass body. Uniquely designed dia- 
phragm — fully supported. 


and high pressure applications 

A big capacity, pilot-operated valve with 
a \%” orifice and 4” NPT ports. Designed to control 
air, water, oil, semi-corrosive materials. Long- 
lasting, stainless steel internal parts. Forged naval 
brass body. Available normally open or normally 
closed. Standard models operate on pressure dif- 
ferentials of 5-200 psi; high pressure normally 
closed models on 5-1250 psi. 


Q NEW two-way valve for standard 


For complete information, please contact our Representative or Distributor near you... 
you'll find him listed in the yellow pages or write us at the address below, Department 38N. 
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CLUTCHES — torque range 0.)2 to 120,000 
Ib ft. 6 styles — 87 standard sizes ranging from 
a 1%-in. miniature to 42-in. diameters. All are 
compact, ruggedly constructed, to withstand 
millions of cycles of operation with a minimum 
of maintenance. Can be actuated by a push- 
button, electric eye, or any other means of local 
or remote, automatic or manual control — 
permitting unlimited automatic production ap- 
plication possibilities for smoothly controlling 
and connecting machinery ranging in size from 
business machines and camera equipment to 
ball mills and steel rolling mills. 


DISC BRAKES — torque range 0.5 to 7,500 
lb ft. 9 styles — 70 standard sizes from minia- 
ture to large, floor or motor flange mounted. 
Standard, dust-tight, or explosion-proof enclo- 
sures are available in many sizes. Rugged, 
spring-set, electro-magnetically released Stearns 


.. there’s a 


electro-magnetic 


fo meet 





brake mechanisms are designed to withstand 
the abuse of millions of stops with an absolute 
minimum of maintenance... provides “‘fail- 
safe” operation on any machine. Many units 
can be manually released, reset automatically, 
and have Stearns exclusive “Visi-wear-indica- 
tor.” Torque can be adjusted quickly, easily, 
to provide any type stop required. 


CLUTCH-BRAKE COMBINATIONS — 
torque range — clutch, 0.5 to 2,250 lb ft; brake, 
0.05 to 1,125 lb ft. 2 styles — 75 standard sizes 
ranging from a 134-in. diameter miniature to 
heavy-duty 181/,,-in. diameter units. Single coil 
construction simplifies control and installation. 
Friction linings are the only moving parts — 
assuring a minimum of maintenance or adjust- 
ment. Spring-actuated brake provides “fail-safe” 
operation. Adaptable to split or thru-shaft 
applications. 


ELECTRICAL MANUFACTURING 





Type “SM” 
ACTUAL SIZE 


Matched-to-the-Machine 


Clutch... Brake... Clutch-Brake 


YOUR requirements! 





STEARNS — experienced specialists in mag- 
netic brakes and clutches — can also design 
and manufacture special units to meet specific 
production requirements . .. custom units to suit 
unusual operating conditions where a standard 
unit will not provide optimum performance or 


special design service, call in these experienced 
application-engineers in the early stages of 
product or machine development. . . initiated 
by a phone call to any one of Stearns’ 37 dis- 
trict offices located in the principal cities of the 
United States and Canada. 


economy. To best take advantage of Stearns 


For Superior Service — Performance... Specify Stearns! | 
Call the Stearns Representative in your vicinity for complete data on electro- 

magnetic clutches, brakes, clutch-brake combinations. Or write, outlining your 

specific requirements... or send the coupon directly to... 





Please send 8-page full-line 
Bulletin No. 226E 


| have an application for 


SLEAIMA. [ja tend -Jleomeie)-1-e)-7 bale), (2 Brakes [] Clutches [] Combination 


120 NORTH BROADWAY To facilitate prompt receipt of this 
requested information, merely staple 
or clip this coupon to your business 
card or letterhead, with your name 
and address clearly indicated. 


MILWAUKEE 2, WISCONSIN 
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Laboratory 


and 


Engineering 
Equipment 





PREAMPLIFIER 
POWER SUPPLY 


Type 127 proper 
power to any one or combination of 
2 Type 53/54 plug-in preamplifiers. 
Outputs are fed through d-c coupled 
differential amplifier stages and cath- 


supplies operating 


ode followers to provide a_ push-pull 
signal at output. 

Gain of unit is one, push-pull. Using 
single-ended output. gain is one-half. 
Rise time is 0.018 psec. Output swing 
is linear +3 per cent over a range of 
+0.3 volt. All d-c voltages supplied 
to the plug-in units are electronically 
regulated. 

Type 127 can also be used with an 
oscilloscope for dual-differential and 
multiple-trace displays. Tektronix, 
Inc., Box 831, Portland 7, Ore. ~>568 


ELECTRICAL CALIBRATION 
STANDARD 


Taylortest I is for checking, installing 
or servicing the Taylor Transet po- 
tentiometer transmitters and _ allied 
equipment. It is a combined signal 
full potentiometer and milli- 
Useful for calibrating all 


source, 
ammeter. 


forms of amplifiers or servomecha- 
nisms which convert mv into milliamp 
for control or transmission use. 

Two mv ranges: 0-60 absolute my, 
and also 95 mv up to 105 mv. These 
calibrations make unit useful for meas- 
uring outputs of thermocouples, ther- 
receivers, 
primary 


mal converters, radiation 


shunts and other types of 
measuring elements. 
Self-contained and portable. Overall 
dimensions are 5° x 8 x 5%e in.; 
weight 5144 Ib. Taylor Instrument 
Companies, Rochester, N.Y. —>569 


COMBINATION DIODE TESTER 
Model 997 is 


both forward and 


testing 
character- 


designed for 
reverse 
istics of germanium or silicon semi- 
testing 


Models 


conductors. Unit combines the 


performed by the company’s 


FT-1 (Forward Tester) and BT-1 
(Back Tester) in one piece of equip- 
ment. Instrument is adaptable for re- 
ceiving inspection or laboratory use. 
Trans Electronics, Inc., 7349 Canoga 
Ave., Canoga Park, Calif. ->570 


WIRE CUTTER CARTRIDGE KIT 
Addition of cartridge kits has in- 
creased scope and utility of company’s 
Mark II wire cutter and_ stripper, 
which automatically cuts to length 


aii: pe? Noe 
a0: (Ae oy a 


and strips insulated wires 14 through 
30 gage with plastic, Nylon, 
Teflon or glass-braided insulation. 
Five cartridge kits in the series. 
Four are standard kits and one is set 
up to meet specific requirements. All 
are designed to process common types 


asbestos, 


of wires having a 0.008 in. or greater 
primary insulation. 

With correct kit, 
be assembled to process any gage, any 
length, any wire type within 
Strip lengths are ad- 
in increments of 42 in. Tech- 
2340 Centinela Ave., 
Calif. >571 


cartridge sets can 
strip 
capacity of kit. 
justable 
nical Devices Co., 
Los Angeles 64, 


SYNCHRO TEST SET 


Complete measurement and recording 
of electrical error, fundamental null, 
total null, transformation ratio, and 
phase shift of any 


synchro. resolver 


or gimbal component is function of 
this equipment. 

All switches are capable of per- 
formance for at least one million cy- 
cles. All resistors are precision wire- 
wounds with temperature coefficients 
of 0.002 per cent per C. 

Specifications: type of units tested, 

TX. CDX, TDX. CT and resolver; 
parameters measured. electrical error, 
fundamental null, total null, phase 
shift and transformation ratio; ac- 
electrical error, 30 sec max, 
composite error, nulls 2 per cent of 
allowable value. Theta Instrument 
Corp.. 48 Pine Street, East Paterson, 


ee >572 


FREQUENCY CONVERTER 


Model 4000 frequency con- 
verters have building block design prin- 
ciple that makes it possible to convert 
any model to single, 2- or 3-phase 
operation over output range of 100 va 
to 3 kva. Suited for use in inertial 


curacy, 


series 


guidance systems and other applica- 
tions where variable frequencies be- 
tween 50 and 4000 cps are required. 
Heart of converter is a lightweight 
and compact high-voltage power sup- 
ply module. Tubes, filament trans- 
formers and filter chokes have been 
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UNTIL TODAY... 


The trouble of tedious mixing and measuring of hardener and resin, the danger of 
toxicity, the waste of material due to the instability of the compound... all of these 
factors combined, make epoxy encapsulation an extremely inefficient operation. 


NOW... 


prescribed A dry, stable, non-toxic pellet of preformed, premixed Epoxy compounds, tailored to 


your exact requirements, can make encapsulation one of the simplest operations in 


technique your manufacturing process. 


for 


encapsulating 
components, 

using “E-CASES” 
and “E-FORMS”: 


NOVEMBER 


8 


Developed by Epoxy Products’ experienced staff of plasticists, these pellets, though 
designed primarily for use in conjunction with Epoxy “E-CASE” Shells, are being 
widely used wherever epoxy resins are required for bonding, sealing or encapsulation. 
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The “E-FORM” pellet and electronic component are inserted into the “E-CASE”, 
in that order. The assembly is then subjected to heat, with a gentle pressure 
exerted on the component. The heat causes the pellet to liquefy and flow 
around the component. Further heating gels and then cures the epoxy. The 
result is a completely epoxy-encased unit, resistant to humidity, temperature 
variations and corrosive influences. 


E-FORMS eliminate: 


Wasteful mixing of hardener and resin ““E-CASES’’ plus ‘‘E-FORM’’ pellets make mass production and auto- 


mation techniques feasible since these combinations can be automat- 
ically fed, positioned and assembled with the use of standard available 
Dixie cups and liquid metering machines machinery. 


Dermatitis problems (completely non-toxic) 


The need for a trained chemist to supervise operation 
Pat. Appl. For 





mbites ~€ products, in 


information. 
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General 
Purpose 
Relays 


MEASURE ONLY: 
1%"x1%"x1kK’" 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
A. i: 1 OS see. 2 es 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 


DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


2 Socket, panel and sidewall ar- 
* rangements standard; others 


to meet special needs, 


engineers are 
prepared to work out varia- 
tions of these rugged, depend- 


' able relays to meet your spe- 


cific requirements in such ap- 
plications as automation 


’ controls, appliances and air 


conditioning equipment, or 
what you will. Just ask. 


MANUFACTURING 
COMPANY 


211 Bartholomew Avenve 
Hartford, Conn. 


Phone Jackson 5-3491 
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| 33 in. max and 2] 


eliminated through use of silicon diode 
rectifiers, and unit delivers 700 volts 
d-c at 4% amp. 

Can be combined in various series 
and parallel connections to deliver 
700, 1400, 2100 or 2800 volts d-c with 
current ratings of 4%, 1, 144, 2, 2% 
and 3 amp. Tel-Instrument Electronics 
Corp., 728 Garden Street, Carlstadt, 
N. J. >573 


TRANSISTORIZED 
POWER SUPPLY 


Model 0-50-2 is designed for 115 volts 


a-c, 60 cps input. Output voltage is 
0 to 50 volts d-c, continuously vari- 


able with fine resolution of 2 mv. 


Voltage regulation better than 1 my 
for input Other models 
range from 300 ma to 20 amp. 

Units are supplying 
power for breadboards, prototypes and 


variations. 
suited for 


complete system checkout. Transistor 
Applications Co., 859 East Alosta 
Ave., Glendora, Calif. >574 


GEARLESS MULTIPLE 
TRANSFORMER WINDER 


Model 405-AM multiple winder winds 
paper section power, audio, fluorescent 
ballast and similar types of transformer 
coils up to 9 in. OD if round, up to 


1O% 
ite 


Pot E 
ee ee ae 4 
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41% in. OD if rectangular, and up to 
6 in. long using wire sizes 16 through 
14. 

Max center-to-center distance for ad- 
justable wire guide rollers is 231% in., 
distance head and _tailstock 
in. min, winding 
range 19 through 454 turns per in., 
winding speed up to 2000 rpm and 


between 


output end of spindle 7% in. flatted 
shaft. 
Dimensions (less tension and sup 
port bracket) are 66% in. long x 
1734 in. wide x 46 in. high. Geo. 
Stevens Mfg. Co. Inc., Pulaski Rd. at 


Peterson, Chicago 46, LIl. >SID 


ARMATURE TESTING 
MACHINES 

Series 633 testers are for bar-to-bar 
testing of wound armatures. Operator 
inserts the armature into suitable text 
fixture and trips starting switch. Ma- 
chine automatically checks itself, then 


f 


each armature coil in sequence. At 
end of check, indicator shows which, 
if any, coils are out of tolerance and 
whether high or low. If all coils are 
all right, indicator shows acceptance 
of part. 

Specifications: d-c resistance range, 
0.05 to 2000 ohms, bar-to-bar; speed, 
2 coils per sec, max; sensitivity, ad- 
justable from 1 to 50 per cent; input 
power, 115 volts, 60 cycles. Slaughter 
Co., Piqua, Ohio. >576 


120 KV INSULATION TESTER 
rolled 


to job for lab or production dielectric 


Mobile one-piece unit can be 


testing of insulation on large motors, 


generators, transformers. bushings, 
cable. 

Used for measuring leakage currents 
in insulation at voltages up to 120 
kv d-c, test set may also be used for 
breakdown tests. 

High voltage section is within oil 
tank and front 


sloping cabinet con- 
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opening new horizons for 
high-speed motion analvsis 
Sii-s} : 


 ¢ , 
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photo courtesy Ford Motor Co. photo courtesy Convair Astronautics 
Division of General Dynamics Corp. 


weal §6©6 Dyrnafax, the last word in high-speed 
‘ cameras, pushes the limits up to 25,000 
¥ large clear 16-mm photos per second 
for use throughout industry wherever 


man must measure and study motion. 





Providing exposure times down to 1.2 
microseconds and constant-speed-drum 
film transport with simple capping-shut- 
ter sychronization, the Dynafax offers 
many performance refinements. Send 


photo courtesy for details. 
Bethlehem Pacific Coast Steel Corp. 
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4-dimensional photography 
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985 SAN CARLOS AVENUE + SAN CARLOS 11, CALIFORNIA 





NEW DEVELOPMENTS IN 


(tc) TIMING CONTROL 


EXTERNALLY MOUNTED 


SYNCHRONOUS 2 LARGE 
nue caveR SETTING KNOBS 


MISSILE 
TIMERS 


ONE HOLE 
MOUNTING 


4 x 5 
| ee /2 1 CYCLE 
; 2 CONTROL PROGRESS 
ATCOTROL ty; POINTERS INDICATOR 
MINIATURE RESET TIMERS N 0 W 


eee 


VERNIER SET —_'? ~ TWO COMPLETE 


poh REPEAT CYCLE TIMERS 


TIMERS \ ol IN ONE MINIATURE CASE 


Designed to control two separate cir- 
cuits consecutively, the Atcotrol Duo- 
Set is a miniature masterpiece of sim- 
plicity, accuracy (44% of scale) and 

- dependability. 

ELECTRONIC a It embodies features usually ob- 
TIMERS tained only in highest priced timers. 
, For example, the motor reverses to 
change direction of the cycle progress 
pointer. This permits change in con- 
trol point setting during the cycle and 
eliminates excessive mechanical parts. 
Load contacts are rated at 10 amps, 

115 volts. 

Duo-Set Timers incorporate all the 
service-proved features of the Atcotrol 
design . . . easily mounted, quickly re- 

SEQUENCE ELECTRIC = moved for inspection while operating, 
AND PNEUMATIC self-cleaning contacts, fully protected 
CAM TIMERS one-piece compression molded termi- 
nal block and one-piece tubular rolled 

laminate slip-off cover. 


TEN STANDARD DIAL RANGES 


15, 30, 60, 120, 240 seconds 
15, 30, 60, 120, 240 minutes 


WORLD'S i ; 
No. N-80. 
LARGEST Write today for Bulletin No 


PROCESS TIME Free demonstration on request. 


AUTOMATIC TIMING & CONTROLS, Inc. 
[ KING OF PRUSSIA 6, PENNSYLVANIA | 
ATC EXPORT DEPARTMENT, 1010 SCHAFF BUILDING, PHILADELPHIA 2, PA., U.S.A. 








tains all controls and metering. Full 
safety controls include automatic meter 
protection, external interlock  provi- 
sion, and zero start interiock. Peschel 
Electronics, Inc., R. F. D. #1, Pat- 
terson, N. Y. +577 


SURFACE RESISTANCE 
INDICATOR 


Microhmmeter M 15-1 can be applied 
wherever it is important to know the 
value of low contact resistance. Meas- 
ures the surface resistance of metals, 


particularly aluminum in_ resistance 
welding applications, ground connec- 
tions, cable connectors, and electrical 
switch and relay contact resistance. 
Other applications include measure- 
ment of slip-ring and brush resistance, 
armature windings, cable sheaths and 
cable armor. 

Two ranges of 0 to 200 wohms and 
0 to 2000 pwohms cover the low re- 
sistance range. Measured resistance in- 
dicated directly in pohms on a linear 
100-division scale. 

Hydraulic sample holder available 
for measuring contact resistance be- 
tween metal sheets. Unit provided with 
removable stand so that it may be used 
as a portable or stationary device. 
Sunshine Scientific Instrument, 1810 
Grant Ave., Philadelphia, Pa. >578 


SPECTRAL POWER 

DENSITY ANALYZER 

The S-2 instrumentation system series 
makes possible spectrum and power 
density analysis of both discrete and 
random data from 0.5 cps to 300 ke. 
Consists of spectral power density ana- 


A SUBSIDIARY OF } 
SAFETY INDUSTRIES, INC. Bc | lvzer Model PDA-1 
ENTOLETER DIVISION © AUTOMATIC TIMING & CONTROLS, INC. © ELECTRICAL DIVISION ) analveer and chart recorder. 


LIGHTING DIVISION © SAFETY RAILWAY SERVICE CORPORATION © THE HOWE SCALE COMPANY . 
INTERPROVINCIAL SAFETY INDUSTRIES, LTD. a A repeatable, permanent ink-on-pa- 
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plus a spectrum 





ELECTRICAL SHEETS 
for Perfect Balance of Performance and Cost 


Exacting control in every processing oper- 
ation at Acme-Newport results in closely 
predictable characteristics in finished silicon 
steels. With known core loss properties, 
permeability, gage structure and punching 
qualities, electrical equipment manufac- 
turers can utilize the minimum cost grades 
that meet peak requirements for each 
application, 
Steel to precise specifications has been the 
rule at Acme-Newport for 73 years. This 
basic steel producer’s modern facilities, 
experienced personnel and convenient loca- 
tion are in excellent position to meet your 

renenen os particular steel requirements. Will you, 

ACME-NEWPORT STEEL call us on your next order? 

Hot Rolled Steel in Coil 

Hot Rolled Pickled Steel in Coil ‘ 

Hot Rolled Sheets ,. 

Hot Rolled Pickled Sheets a 

Cold Rolled Steel in Coil (full hard only) 

Cold Rolled Sheets 

Alloy Sheets and Plates 

Plates (°46" and lighter) 

Electrical Sheets 

Electric Weld Line Pipe ad 





COMPANY 
NEWPORT, KENTUCKY 


Ee: A SUBSIDIARY OF BB comma 
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@ 
Snap-action per record is automatically furnished 


for vibration and environmental tests, 


speech and noise analysis, medical and 
geophysical waveforms, Fourier analy- 


sis of periodic motions, and random 


“S” Series —single-pole, double-throw = *::«:<.""" “"“"""" 


Features include a variable integra- 

tion interval from 1 to 30 see, which 

For military and industrial applications eeeeeeeeeceeseece eeeeececce ried be set free a sy nchro- 
Time delays — 3 to 60 seconds nized with playback of magnetic tape 
Small size — miniature loop splice. Panoramic Radio Products, 
Wide ambient range Inc., 520 So. Fulton Ave.. Mount 
Hermetically sealed Vernon, N. Y. 579 
WRIGHT 
AECTRONIG 
Division 
For our new catalog, write or phone Electronics 
Division, Components Dept., Carlstadt, New 
Jersey, GEneva 8-4000. ati = — 


The “’S” Snapper is part of the new Curtiss- 
Wright Thermal Time Delay Relay line which 
includes: 


TRANSISTORIZED 

POWER SUPPLY 

Model 1515 portable supply is pro- 
tected by Robotec. a_ transistorized 
electronic circuit producing  simulta- 
neous current and voltage cutoff with 
an external short circuit. Circuit op- 


H-Series 

— vibration resistant, for missiles, aircraft 
IR and STR 

— instant reset, voltage compensated 
MR and CR 

— double-throw, fast reset, no chatter 
K, Gand W 

— economical, low-cost, stocked 


SOC SHEEOSEESESSHEESHEEHEEEEEEEEEEE 


. 
ELECTRONICS DIVISION - 


CURTISS-WRIGHTe 


CORPORATION ° CARLSTADT. N. J. PYTTTITITTiTiTTrrrrr rrr Trill 
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(Z Spiral Wound 


PARAFORMED |e aa 


SHARP oe SMALL Speed and Improve erates in 30 psec, holding the supply 


SQUARE WALLS OUTSIDE cut off until manually reset. 
INSIDE | CORNER COIL WINDING Voltage range 1-15 volts d-c, con- 














CORNERS RADIUS ee tinuously variable at 0-1.5 amp; reg- 





























—— ulation better than 15 mv: ripple less 
S ie «. than 250 pv: source impedance 0.01 





SPIRAL WOUND ig ohms and response time less than 50 


Not Die Formed x psec. : a 
a. st ‘ Input: 105-125 volts. 55-440 cvyeles. 
“ id Size: 534 x 884 x 9 in. Weight: 13 


lb. Power Designs Inc.. 89-25 130th 
St., Richmond Hill 18, N.Y. >580 


ANY SIZE—SQUARE OR RECTANGULAR RESOLVER TESTS 
PARAFORMED paper tubes simplify coil winding SERVO COMPONENTS 


operations and speed production, yet cost no more. 
“4 In the exclusive PARAFORM method of tube Model JX746A provides simultaneous 
No sharp outside edges making, no artificial heat or pressure is used— 


to cut wire a ee vee age . 
Ne need for wedges te Paraforming takes place at the time of spiral 


identical phase shifts to each phase of 


he! Pane . ps a 4-phase reference signal. Use of 
tighten wire winding. Hi-Dielectric. Hi-Strength. Kraft, Fish —— a aaah “al ie Pesca 
Permits winding coils Paper, Acetate, Red Rope or any combination [7 ; agi =n 
to closer tolerances wound on automatic machines. Produced from for unknown phase shifts, eliminating 
woot -- by stock arbors or special sizes engineered for you. (ie 
Allows faster stacking Can also be supplied in regular or with slight bow. 
of wound coils 


gy rd mou nt Write on company 
PAPER TUBE CORP.| _ letterhead for 


STOCK ARBOR LIST 
612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA OF OVER 2000 SIZES 
. Manvtacturers of Paper Tubing for the Electrical Industry Since 1931 
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Highest Quality and Most Economical... 


Quietest Direct Drive Blower Motor 


Redmond’s New Design Reduces Blower Vibration to One-Fifth 
that of units using Conventional Shaded-Pole Motors 


Place a mechanic’s stethoscope on the end cap and you 
can easily hear the difference between the newly- 
designed mond Type AY and motors of conventional 
design. Try it on a Widmead 1/6 hp—the noise level is 
about: that of a 1/35 hp motor of conventional design. 


NOVEMBER 1958 


Apply vibration tests and you will be quick to 
agree that here is the quietest direct-drive blower 
motor available. The AY Tri-Flux motor is 
designed and manufactured in every way to give 
years of trouble-free service and whisper-quiet 
operation. The positive oil system provides force- 
feed lubrication. Recirculating the oil assures 
maximum bearing life. 

The graph shows vibration test results on the 
new Redmond design and two competitive 
motors. These tests were made with the best 
vibration testing equipment available. The solid 
black bar shows vibration on the motor end cap; 
the gray bar shows vibration on the blower 
housing. The graph is decibel readings on 120 
cycles, since the 120 cycle frequency is the one 
that is the basic source of nearly all noise prob- 
lems. Reduction of vibration is a logarithmic 
function—the reduction of vibration in the 
Redmond motor to 33 decibels reduces noise to 
only 1/5th that of conventional motors. 

The new AY is ideal for a wide variety of 
applications requiring a whisper-quiet, economi- 
cal, high-quality motor. Contact us at Owosso, 
Michigan, and we will have the Redmond sales 
engineer in your district call you at once. 
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Redmond Competitor Competitor 
Type AY Motor A Motor B 


























The Standard of Dependability 


COMPANY, Inc. 


Subsidiary of CONTROLS COMPANY of AMERICA 


Owosso, MICHIGAN ~ 
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in solenoids! 


Many YEARS AGO somebody at Sylvania cussed at 
the crudities of conventional coils in traveling 
wave and klystron circuits. He started something 

. .. he actually pioneered the whole modern 
concept of force-cooled, foil-wound, low-weight 
solenoids for high-density magnetic fields. 


Through the years, the data, the experience, the 
facilities (and the customers) have piled up. We blush 
to say it, but people who compete fiercely with us in 
other respects buy Sylvania solenoids in droves for 
their own production lines! 


Sylvania has always worked harmoniously with tube 
manufacturers, who find that there’s a real advantage in 
using Sylvania solenoids under their own brand names. 
And we can’t see how quality control on coils can be 
carried much further than we practice it here. 





A lot of our solenoid work is hush-hush and 
super h-h., which should be assurance enough for 
systems designers who need extra-special coils 
for under-wraps projects. 

And how we welcome inquiries from you 
engineers in experimental work. We honestly 
believe that no group in America has quite the 





know-how and facilities on wafer coils that we 
have here. Can we help? 


SYLVANIA ¥ 


LIGHTING PRODUCTS 
a division of SYLVANIA ELECTRIC PRODUCTS INC., IPSWICH, MASSACHUSETTS 


Leader in Wafer Coil Manufacture 
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need for plotting 2 diagrams and com- 


puting the difference in plots. 
Features a 4-phase input of 10 volts 
rms per phase and a 4phase output 
of 10 volts or 50 volts rms per phase 
at any phase angle from 0-360 deg. 
Input impedance is 100 k ohms; out- 
put impedance is less than 1 ohm per 
phase. Max output current is 7 ma 
rms per phase. Output phasing accu- 
racy is +] deg, assuming no error in 
input intelligence. Solartron, Inc., 530- 
532 Cooper St., Camden, N. J. >581 


MILITARIZED D-C 
POWER SUPPLY 


Model No. M-990 magnetic amplifier- 
transistor regulated supply has a static 
line regulation of less than +0.1 per 
cent for line changes from 105 to 125 
volts a-c, and dynamic regulation of 
less than +0.1 per cent for step 


changes ot 10 volts anywhere between 
105 to 125 volts a-c. 

Operates from a-c input of 105 to 
125 volts, single-phase, 55-65 cps, and 
has a max ripple of 0.1 per cent rms 
(2 mv rms) with an output impedance 
of less than 0.05 ohm from 0 to 20 ke. 

Comes in standard 19 in. wide rack- 
panel construction and is 101% in. high 
x 1234 in. deep. Weight approx 95 lb. 
Perkin Engineering Corp., 345 Kansas 
St., El Segundo, Calif. >582 


ELECTRODYNAMIC 
VIBRATION TESTER 


Goodmans Model 390A is a general- 
purpose unit suitable for testing elec- 
tronic equipment for fatigue and struc- 
tural life through use of induced vi- 
bration forces. 

Operation is on principle of an elec- 
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Ry fe) Veeder-Root Counters 





New Electronic / “us* 
Predetermining Counters 


These counters are ideal for batch control, 
sequential predetermining, or accurate length 
control in such applications as packaging, 
coil winding, slittling, stacking and material 
handling. 

A versatile group of transistorized elec- 
tronic predetermining counters designed par- 
ticularly for industrial applications. These 
units will operate at speeds up to 5,000 
counts per second, with automatic recycling 
at speeds up to 1,000 counts per second. A 
photohead to actuate the counter can be de- 
signed to fit specific applications. 

Units can be easily operated by non- 
technical personnel. The preset quantity can 
be established quickly at any point within the 
range of the counter by means of the large 
selector knobs. Any number of decades can 
be furnished. 

Dual sets of presetting controls for sequen- 
tial predetermining, or accurate length con- 
trol in such applications can be furnished on 
request. 

This is your complete package for prede- 
termining counting at high speeds. 

Forcomplete details on these units, write today! 


Electro-Magnetic Counter 


These new compact panel-mounted high speed 
counters are ideal for D.C. applications requiring 
accuracy, long life at high speeds and small panel 
presentation. Counters are suitable for industrial 
data processing, laboratory and scientific or instru- 
ment applications. Available with four or six figures 
with remote electrical or manual (push button) 
reset. 3,000 counts per minute recommended speed. 

Counters can be connected in series with any 
device having a contact arrangement. For optimum 
operation, 60% contact time is required 
Panel Area: 4-figure Counter — 1.7” x 2.1” 

6-figure Counter — 1.7” x 2.8” 
Available for 6, 12 24, 48 and 115 volts D.C. 
operation. For A.C. operation suitable elec- 
trical components must be added externally. 
Reset voltages available are 6, 12, 24, 48, 
115 and 230. 
Write for complete specifications today! 
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Count- PAK - a 


Complete electronic counting package for use 
where high speed, long life and instant reset are 
required. Highly suitable for high speed direct 
counting applications such as can and bottle count- 
ing or case or piece counting on conveyor lines. 

Consists of glow-transfer cold-cathode counting 
tube and high speed magnetic counter, coupled 
with transistorized circuits. Photohead designed to 
your application. 

The use of transistors means that heat has been 

eliminated and no warm up time is required. Unit 
is completely enclosed in an attractive industrial 
case to insure long, trouble-free life. Use of an elec- 
tronic decade increases the life of the electro- 
mechanical counter and makes the unit ideal for 
continuous rugged operation. 

Write for complete specifications and prices today! 


NEW 
SERIES 1522 


High-Speed Predetermining Counter 


Ideal for high-speed counting requirements such as coil 
winding, textile spinning frames, and other predetermin- 
ing counter requirements. 

Instant quick-lever reset, plus quick and easy setting 
of the predetermined number are outstanding features of 
this counter. Measures approximately 2.6” wide, 5” long, 
2.8” high. Speeds up to 6,000 RPM or 8,000 CPM are 
maximums recommended. 

Easily preset to the required number of pieces or per- 
formance-units, the counter subtracts to zero. Resetting 
returns wheels to original preset number. This new 
counter meets standard U. S. electrical requirements 
(JIC Codes) . and is available with either electrical 
switch or mechanical stop. Also available without the 
predetermining feature, as a high speed reset revolution 
counter. 

Also available as a high-speed revolution counter with- 
out predetermining feature. 

Write for complete information today! 
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NOW! stocked for immediate delivery 


CHICAGO 


* 


VS-250: 250 watt capacity 
VS-500: 500 watt capacity 


VOLTAGE 
STABILIZING 
TRANSFORMERS 


provide instantaneous, automatic stabilization to within 
+14, for voltages from 95 to 130 V. A.C. 


These CHICAGO units, of static-magnetic design, are now 
stocked for immediate delivery through electronic parts dis- 
tributors. CuHIcaGo voltage stabilizing transformers offer you 
many important advantages: 


EXTREMELY CONSTANT OUTPUT: + 14°, for input fluctuations 
from 95 to 130 volts A.C. with rated output of 117 volts, 
A.C., 60 cycle 

RAPID STABILIZING ACTION—usually a few cycles or less 
UNAFFECTED BY POWER FACTOR — or changes in load 


ISOLATION TYPE— provide complete isolation between input 
and output circuits 


BUILT-IN CURRENT LIMITING CHARACTERISTICS — protect load 
equipment from excessive fault currents 


NO MOVING PARTS—eliminates maintenance problems 


CUSTOM DESIGN SERVICE: Units of other capacities, voltages and fre- 
quencies, or units to be built into your equipment, can be designed 
and produced in production quantities. 


For complete details on these units write for Chicago Standard 
Bulletin CT-44 or see yeur Chicago Standard distributor. 


CHICAGO STANDARD TRANSFORMER CORPORATION 


3506 Addison Street « Chicago 18, Illinois 


Export Sales: Roburn Agencies, inc. ¢ 431 Greenwich Street « New York 13, N.Y. 
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trodynamic shaker driven by a suitable 
power oscillator of variable frequency 
type with an amplifier of appropriate 
power. Vibration is effected through a 
moving coil operating in a strong mag- 
netic field. Mechanical vibration is in- 
duced by synchronism with frequency 
of electrical current supplied to coil. 
Magnitude of current applied deter- 
mines amplitude of vibration. Solartron, 
Inc.. Western Div.. 10761 Burbank 
Blvd., No. Hollywood, Calif. —>583 


PORTABLE 
WHEATSTONE BRIDGE 


Instrument measures resistors from 100 
k ohms to 1.5 megohms to an accu- 
racy of 0.1 per cent and up to 10 meg- 
ohms to an accuracy of 0.25 per cent. 

Built into the 17-lb unit (Model 
1071) are a pointer light galvanometer 


having extreme sensitivity and a 45- 
volt battery. Another feature is a 5- 
dial rheostat for use separately as a 
standard of resistance variable from 0 
to 9999 ohms in steps of 0.1 ohm. 
Enclosed in a fumed oak case 714 
x 7% x 15% in. When lid is closed, 
galvanometer is automatically turned 
off and shorted to dampen suspension 
movement. Rubicon Instruments Div.., 
Minneapolis-Honeywell Regulator Co., 
Ridge Ave. and 35th St.. Philadelphia 
32, ‘Pa. >584 


LEAKAGE TESTER 

The 103-MP is designed for high 
production testing of all types of 
electronic equipment for leakage, 
grounds, shorts, and arc-overs, to all 
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The strong SCOTCH No. 27 Glass Cloth Electrical 


BRAND 


Tape agg, in this mercury lamp stabilizer 
| Pa lw = | 
transformer coil ” = = I Bg costs 12 cents. 


It insures trouble-free operation under 


rugged conditions for a minimum of 20 years. 


Annual insulation cost: 6/106! Se 


Can you afford less than the best? Get 


SCOTCH 


BRAND 


Electrical Tapes 


For complete information on “Scotcu” BRraNp No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BY-118. 


' APES OF 3M CO., ST. PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK 16. ¢ 
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VINYL 
“yr COATED 

sleeve of 

woven 


FIBERGLAS 
gives more 
than 
adequate 
insulation to 


——ai- YOUR WIRE 
under 
extreme 
conditions — 
that’s 


Varflo enlarged 
for details 


| CORPORATION. 
\ Makers af 
Electrical Insulating 


\ Tubing ond Slee 
eooe” UT 


VARFLEX CORPORATION 
504 W. Court St., Rome, N. Y. 





Wherever you use either— 
or both—Class A and Class B sleeving 
and tubing, Varflo will save you 
money . . . by filling the require- 
ments of both classes at the cost of 
Class A insulation! 


Varflo vinyl-coated Fiberglas 
Sleeving and Tubing with its superior 
qualities of flexibility and greater 
dielectric strength under all conditions 
make it ideal for both Class A and 
Class B installations. 


@ FLEXIBLE It can be bent or even tied in 
knots without cracking or crazing. 


@ RESISTANT to water, alkalis, mild acids, 
oils and greases. 


@ TOUGH and stands up under vibration. 
Ideal for “After Treatment” operations. 


@ LONGER LASTING at high temperatures. 
Withstands hundreds of hours at 300° F. 
Good shelf life, too. 


@ MORE STABLE, retains dielectric value 
when pulled back during soldering. 


@ AVAILABLE IN 3 NEMA GRADES, 
B-A-1, B-B-1, and B-C-2 in 10 colors, in 
coils, 36” lengths or short pieces. 


for 


complete line of samples and 
recommended uses. 


Please send me free folder containing description and test samples of Varflo Sleeving 


and Tubing. 


Name 





c 





Pr 7 


Street 





City 


State__ 
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commercial and military specifications. 

Specifications: test voltage, adjust- 
able on front panel from 0 to 2100 
volts a-c; leakage limit, adjustable on 
front panel from 100 pamp to 5 ma; 
voltage dwell, adjustable internally 
from 0.1 sec to 2 min; rate of voltage 
application, 300 to 500 volt/sec. 


Slaughter Co., Piqua, Ohio. >585 


SCALE DRAWING MACHINE 


Scale-drawing machine Model SCAMA 
is a hand-operated device which will 
allow redrawing of any flat electrical 
indicating 


instrument’s scale whose 


angular deflection is no greater than 


90 deg. In thermocouple instruments, 
scale can be redrawn to match inex- 
pensive uncalibrated thermal elements. 
drawn for 
special-purpose instruments. Machine 
will draw or redraw all or part of 
any scale. 

Weight. approx 80 lb; dimensions, 
18 x 18 x 14 in. Sensitive Research 
Instrument Corp.. 310 Main St., New 
Rochelle, N. Y. >586 


Special scales readily 


TRANSISTORIZED D-C 
POWER SUPPLY 


Designed primarily for use in com- 
puters and laboratory test equipment, 
supply provides 28 volts d-c power, 
0 to 5 amp, and operates from any 
115-volt, single-phase, 60-cycle source. 

Features “40 of 1 per cent voltage 
regulation from no load to full load 
with +10 per cent change in input, 


ELECTRIC 
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How to give electrical conductors an improved 
margin of safety at elevated temperatures 


Tests show influence of silver on 
tensile properties of high-conductivity 
copper at elevated temperatures 


T 
~© YI! 
a o 


Silver-bearing copper is used extensively in windings, 
collector rings, and commutators of motors and genera- 
tors, in order to retain structural strength at elevated tem- 
peratures during assembly and operation. 

There are now many other places where electrical con- 


© 50 100 180 200 250 300 350 400 450C ductors must stand up under temperatures well above 
TEMPERATURE those heretofore considered normal. 


YIELO STRENGTH 
1000 PSI AT 0.2% OFFSE 
=» © 
ao 
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The amount of silver needed to meet a particular set of 
conditions, however, has until recently been difficult to 
determine. At the left are charts summarizing the results 
of tests made in The American Brass Company Metal- 
lurgical Research Laboratory, which can help serve as a 
more precise guide. 

The curves for the yield strengths at 0.2 per cent offset 
and 0.5 per cent extension are significant to electrical 
engineers with problems involving the operation of con- 
ductors at elevated temperatures, for these values are 
indices of the limits of elastic behavior. The drop in 

© S50 100 150 200 250 300 350 400 4506 absolute values of the tensile properties of all three cop- 
TEMPERATURE pers with rising temperature, however, should be noted 
and be allowed for in the selection of shape and size of 

conductors that are expected to run hot. 
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YIELD STRENGTH 
owt @ 


1000 PS! AT 0.5% EXTENSION 


For more complete information on the effect of tempera- 
ture on the mechanical and electrical properties of cop- 
per, send for a copy of Publication C-25, “Anaconda Cop- 
per for Electrical Conductors.” This 62-page book also 
has a wealth of other general information, plus con- 

venient new tables to help you in the selection of rigid 
bus conductors. 


Technical Service. The assistance of Anaconda specialists 

in the selection of conductors to meet your special prob- 

lems is available to you. For such assistance—or to get a 

150 200 250 300 350 400 450C copy of “Anaconda Copper for Electrical Conductors”— 

TEMPERATURE see your nearby Anaconda representative. Or write: The 

Silver content normal American Brass Company, Waterbury 20, Conn. 57101 
B. Silver 8.7 ounces per ton 
C. Silver 28. ounces per ton 


Copper strips cold rolled, 0.050 ins. gage 
Time to heat, approximately 1% hours 
Time of test at heat, approximately V4 hour 
Speed, testing machine head, 0.01 ins. per min. 


American Brass Company Metallurgical Research Laboratory . COPPER CON DUCTORS 


Made by The American Brass Company 


THERE’S AN ANACONDA ELECTRICAL CONDUCTOR FOR EVERY NEED 


VENTILATED 
SQUARE TUBES 


WIRE & ROD FLAT BARS ROUND TUBES SQUARE TUBES 


NOVEMBER 1958 Circle 249 on page 17 





NIVERSAL 
JOINTS 


INDUSTRY'S MOST COM- 
PLETE LINE FOR EVERY 
SLOW SPEED APPLICATION 


23/15 ) 


CONTOURED YOKE 


r 


} 


single types 


ye CONTOURED YOKE > 
Te 











Special Contoured Yoke—capable 

of operating at a maximum an- 
ular misalignment of 45° on 
and-operated applications. 


Static Torque—from 306 to 129,693 
in.-lbs. at 12°, depending on size 
of joint. 


Horsepower Ratings—.54 to 207 
at 100 rpm. 


Tolerances—pins ground to .0005” 
... forks concentric to within .001” 
... precision accurate center 
blocks. 


Standard Specifications—hub di- 
ameters 14 to 4”... bores 44 to 2” 
... lengths (single) 2 to 105%’ 
(double) 4 to 2114”. All specifica- 
tions can be altered or special 
joints designed to individual 
requirements. 


Get this handy guide 


it’s the quick and easy way 
to get the Universal Joint 
that is just right for your 
application. Request 
Bulletin 820. 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 W. Lake St. Chicago 44, Ill. 
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and only 40 of 1 per cent peak-to- 
peak ripple. Voltage drift per degree 
Centigrade rise in ambient tempera- 
ture is approx 0.01 per cent. Measures 
1144 x 754 x 77% in. General Electric 
Co., Schenectady 5, N. Y. >587 


RADIO FREQUENCY 
VOLTMETER 

True RMS responding, direct-reading 
voltmeter is for precision checking 
and calibration of oscillators, signal 
generators, electronic voltmeters and 


similar apparatus, or as an a-c/d-c 
transfer standard. 

accuracy, 0.5 of 1 
per cent of full scale; frequency, d-c 
and 7 cps to 5 me: ranges, up to 6, 
switch-controlled. Choice of 5 combi- 
nations between 1 volt and 300 volts 
full seale; 


Specifications: 


scale, 6.3 in., mirrored; 
sensitivity, 200 ohms per volt; dimen- 
sions, approx 13°4 x 7% x 7% in. 
Sensitive Research Instrument Corp.. 
310 Main Street. New Rochelle. 
N.Y. >588 


AUTOMATIC COLD JUNCTION 
COMPENSATOR 


Autocomp I will give automatic cold 
junction compensation to most devices 
which are used for measuring or con- 
trolling with Elimi- 
nates use of ice baths, thermos bottles, 


thermocouples. 


and ordinary thermometers. Furnishes 
precise and direct compensations with- 
out use of auxiliary dials or mathe- 
matical computations. 
Employs a_ thermistor 
match non-linear 


network to 
characteristics of 


the. mocouples exactly with output 
characteristics of bridge. Because of 
this feature, instrument will compen- 
sate to an accuracy of +1 F in am- 
bient levels from 32 to 120 F. 
Overall dimensions are 534 x 8 x 
5%s in. Weight is 6 lb. Technique 
Associates, Inc., P. O. Box 91, Indian- 


> 589 


apolis 6, Ind. 


LOW VOLTAGE D-C 

POWER SUPPLY 

Transistorized low-voltage high-current 
d-c Model Q28-.5 has an output range 
of 18-36 volts d-c at 0-0.05 amp. Suit- 
able for use in such applications as 
computer circuits of strain gauge 


bridges, unit is available in single or 
dual rack-mounting models or in cabi- 
nets, 

Other specifications include: 105-125 
volts a-c, 2-phase, 50/60 cycle input; 
+0.25 per cent regulation accuracy for 
line and load changes combined; 0.01 
per cent rms max ripple; 0.05 ohms 
typical output impedance at 1 ke; 50 
psec typical recovery time; and 0 to 
40 C ambient temperature range. 

Size of cabinet model is 7%e2 in. 
wide x 3%16 in. high x 10% in. deep, 
and rack-mounting model is only 314 
in. high. Weight is 714 lb. Sorensen 
& Co., Inc.. Richards Ave.. So. Nor- 
walk. Conn. >590 


SINE AND SQUARE WAVE 
GENERATOR 
Model E310 sine and 


generator 


square wave 
features both sine and 
square wave output over range of 5 
cycles to 600 ke. 

Output within +] 
db over each band, within +1 db band 
to band; distortion less than 1 per 
cent at 10 volts into 600 ohms; output 


characteristics: 


ELECTRICAL MANUFACTURING 





tie Hae 
a A AP 
— 


-¢3 


ESCO alternator powers 
new ultra-compact high-performance radar 


Based on an entirely new concept in radar design, this Raytheon 
“Mariners Pathfinder” radar is compact enough for use on the 
most modest pleasure cruiser, yet big enough in performance for 
the largest commercial vessels. Utilizing just two, simple units, it 
provides clear, steady displays up to 16 miles range. Rugged and 
reliable, it’s real sea-going equipment, built to operate in slashing 
northeasters, arctic ice and the heat and humidity of tropic seas. 
To provide a source of dependable, stable power for the “Mariners 
Pathfinder”, Raytheon chose a specially-designed ESCO motor- 
alternator. Operating from a 32V, 110V or 220V DC ship’s 
supply, this built-to-order inverter delivers a 115V 60-cycle AC 
output, regulated to +=3V and +0.6 cycles over a 20% variation 
in input voltage. It’s designed for a minimum of 10,000 hours 
trouble-free operation under extremely wide variations in tempera- 
ture, humidity, and pitch and roll conditions. 


Building special rotating electrical equipment to meet individual 
requirements has been a specialty at ESCO for almost half a 
century. Why not call on ESCO for the ideal generator or motor 
for your equipment, too? Write for design brochure today. 


ELECPRIC SPECIALTY CO. 


171 South Street, Stamford, Conn. 


ai 
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GENERAL CABLE level, sine wave, 10 volts rms_ into 


600 ohms; square wave, 10 volts p-p, 


the complete line Of (32.0% hie ait win v 


= _ — os to 1 drive ratio provides an effective 
| se : 4 : scale length of 85 in. over the 5 bands. 
4 Pye & Unit is 9 x 11% x 15 in. Precision 
Apparatus Co., Inc., 70-31 84th St., 
Glendale 27, N. Y. >591 


“URRENT PROBE 
Model 91550-1 probe requires no 
direct or electrical connection to prod- 
uct being tested. It is a current 
transformer designed to determine 
amount of electrical interference a 

Long experience in the manufacture of magnet wire has enabled General product would cause to radio services. 

Cable to develop the industry’s widest range of both returnable and non- 

returnable containers of all types. Designed to meet widely varying 

customer demands, they insure safe delivery and facilitate use of the wire 

at the lowest possible cost to you. No matter what magnet wire packag- 

ing problem you have, consult General Cable...they have the right 

packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


by coupling radio frequency noise to 
a receiver operating over range of 
0.15 me to 25.0 me. 

Can be used with any calibrated 
receiver having an input impedance 
of 50 ohms, and it reads r-f current 
in primary in terms of secondary 
voltage. 

Insulated to 600 volts and may be 
used on primary conductors carrying 


up to 350 amp d-c or 50 amp a-c. 
Size: 13, x 234 x 354 in. Stoddard 
Aircraft Radio Co.. Inc., 6644 Santa 
Monica Blvd.. Hollywood. Calif. —>592 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
are palletized for shipment. 


WHITEPRINTING MACHINE 


The “Scout,” a semiautomatic (2- 
step feed) machine, is a_ full-width, 
dry process whiteprinter that will 
print and develop at speeds up to 20 
fpm. Accommodates prints up to 45 
in. wide and of practically any length. 


Unit is equipped with a 2000 w 
s printing lamp, removable from either 
Payout Equipment General Cable also has available a com- 


plete line of accessories used in the take off of wire from STAR-PAK pails and drums 








or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast XS 


for quality and service 


és 


--- Specify 
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New! Miniaturized ! 
Kellogg Type L” Relay 


TYPE "L’ RELAY FACTS 








FORM A 


CONTACT 
FORMS 


~~) 
oO 


(MAKE) 


_FORMB FORMC | __ FORMD 


REMARKS 
ionaage ll 13 SPRINGS MAX 

PER STACK. ONE 
<--> FORM D MAX 
PER STACK 





Nese 


(BREAK) (BREAK-MAKE) (MAKE BEFORE BREAK) 


dion 





CONTACT 
RATING 


(NON. INDUCTIVE) 


062"x .020 


| 
4 Amps. 150 Watts | 1 Amp. 150 Watts | 2 Amps. 100 Watts| 4 Amps. 450 Watts| 3 Amps. 450 Watts/4 Amps 450 Watty 
| 


TWIN CONTACTS 
PALLADIUM 


062" 020" | 062" .020” | 093" .031” | .125"x 050” | 125"x .050” 
| 


RATINGS PERTAIN 
TO CURRENT 
CARRYING CA 


SINGLE CONTACTS 


GOLD SILVER PALLADIUM TUNGSTEN | SILVER 

TIONS. SPECIAL 
APPLICATIONS 
USUALLY RE 
QUIRE ENVIRON. 
lL | MENTAL TESTING. 





TIMING 


OPERATE RANGE 


3-30 


STANDARD COILS 


TIMING VALUES 


SLUG COILS 


RELEASE RANGE OPERATE RANGE RELEASE RANGE 


4-20 20-60 30-100 


VOLTAGE 





COIL RESISTANCE 


SINGLE WOUND 
UP TO 20,000 OHMS! UP TO 6500 OHMS 


WEIGHT _ RESIDUALS _ 


—r 


| DOUBLE WOUND 


“ AVAILABLE WITH 
APPROX. 2% OZ. | SCREW OR FIXED 
EACH WINDING TYPE RESIDUALS 


it 





“Compact, lightweight, extremely versatile, reli- 
able” these are some of the comments of 
engineers who have tested Kellogg’s new type “L” 
relay. It is a sturdy re-engineered version of the 
model used for years in telephone offices around 
the world. Now, its many new features make it 
particularly adaptable to industrial applications 
including computer systems, two-way radio and 
automation devices. 
Efficient design gives the Kellogg type “L” more 
operating force than relays of comparable size. 
This means greater sensitivity, gram pressure and 
more springs per pileup. In addition, the new re- 
lay features: 
® rear mounting, for ease of wiring 
@ wide variety of coils for any circuit requirements; 
single or double wound 
e bifurcated stationary springs for independent con- 
tact action and high reliability; (single contacts also 
available) 

@ heavy duty bronze yoke and stainless steel bearing 
pin insure long life and stable adjustment 

@ single or double arm type armatures available 

e@ hermetically sealed models, if desired 

® operating speed: minimum of 1 to 2 milliseconds 


contact points: gold, silver, palladium, 
other materials available 
residual: adjustable 
time delay: heel-end slugs and armature-end slugs 
for release time delay and operate time delay, 
respectively 
terminals: slotted 
weight: Net, 214 oz. 
dimensions: 2-1/4” L x 1-1/8” W, ranging in height 
from 17/32” to 1-1/16”" (max.) 

@ operating voltages: up to 220 V.D.C. 


Behind the superior reliability and design of 
Kellogg’s type “L” relay are more than 60 years 
of experience as a leading producer of telephone 
equipment. And as the communications division 
of International Telephone and Telegraph Cor- 
poration, Kellogg has the research talent of 3500 
engineers and technicians at its disposal. 

Inquiries are invited. Send for a free catalog on 
relays and other components manufactured by 
Kellogg. 

Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, Illinois. 
Division of International Telephone and Tele- 
graph Corporation. 


tungsten; 





CHICAGO, /LLINO/S 


KEI ; OGG Communications Division of 





Manufacturers of: Relays ¢ Hermetically sealed relays ¢ Switches @ Solenoids 
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5 watt capacity — 
2 watt size 


side, a ribbed rubber sealing sleeve 
which conveys prints through the de- 
veloper over a perforated Teflon slip- 
stream, and a smooth surface for all 
types of materials. C. F. Pease Co., 


| 3825 No. Rockwell Street, Chicago 18, 


Ill. >593 


CENTRIFUGE FOR 


QUANTITY TESTING 


| Compact centrifuge A903 is designed 


5 WATT 
CENTRALAB 
MODEL 4 
WIREWOUND 


CASE 


INSULATING 
LINER CONVENTIONAL 

METAL CASE 

PLASTIC WIREWOUND 


As you k: @ ‘, the rating and size of a variable 
resistor ands upon the speed with which 
heat can |4§# ransferred from the resistance ele- 
“ atmosphere. Centralab “‘thermo- 

tion combines exceptional heat 

transfer « a dielectric strength of 4500 volts 
per mil at ¥° C. Result: Model 4 Radiohm, a 
conservat:@ y rated 5 watt wirewound variable 
resistor sn +r than a conventional 2 watt unit. 


On 3.0” diameter by %¢” deep. 
Re ance range, 1 ohm to 15K ohms; 
linc, @ taper. 


296 °@ otation, stop strength 15 inch 
pou:® s. 
Mi, @ ium life, 25,000 complete cycles. 


Toi-@ y enclosed elements. 


For detail:.§ information write for Centralab 

Engineerin: § 3ulletin EP-493 or contact your 

Centralab «§ es representative. Ask your local 

distributor ;§ ot the many values he carries in 

stock in tii "VW and WN series (lsted in 
5810 


Catalog 30 
A DIVISION OF GLOBE-UNION, INC 
/ 962L —E. KEEFE AVE. © MILWAUKEE 1, WIS 
PED SS In Canada: 804 Mt. Pleasant Rd. * Toronto, Ontario 
“7” ® 
| 4 


VARIABLE resISTORS @® PACKAGED ELECTRONIC CIRCUITS ©@ ELECTRONIC SWITCHES 
CERAMIC CAPACITORS . ENGINEERED CERAMICS ¢@ SEMI-CONDUCTOR PRODUCTS 


ACTUAL SIZE 
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for production-line acceleration testing 
and evaluating of missile and aircraft 
components. 

G-range is from 1 to 800 with an 


| aggregate payload capacity of 1000 


g-pounds. Rotational rates infinitely 
variable and monitored by tachometer 
which permits rapid speed selection 
within +1 per cent. Wow is 1 per cent; 
drift 0.2 per cent of operating rate per 
min, maximum. Vibration does not ex- 
ceed 0.1 g in any plane at any speed. 

Test compartment will accommodate 
object whose height does not exceed 
8 in. The 24-in. circular mounting plat- 
form has threaded hole pattern to ac- 
commodate test fixtures. Genisco, Inc., 
2233 Federal Ave.. Los Angeles 64, 
Calif. >594 


| PORTABLE STEP-UP 
| POTENTIAL TRANSFORMER 


To provide low a-c voltage ranges on 


its rectifier-type, a-c/d-c ammeter-volt- 
meter, company has brought out a por- 
table step-up potential transformer. 
Transformer has primary ranges of 
5. 15 and 30 volts, to 150 volts second- 
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Some folks with experience and that cer- 
tain touch can do the impossible. We aren’t 
making any wild claims about the alu- 
minum and zinc alloy castings we produce. 
But we’ve been satisfying our customers— 


If it’s experience you’re after... 


call a Hoover Man 


many of them for 35 years. We make 
quality castings. Make ’em for lots of dif- 
Why not call us? We'll 
have one of our experienced Sales Engi- 


ferent companies. 


neers give you the whole Hoover story. 


Tha 
fi THE HOOVER COMPANY, Die Casting Division, North Canton, Ohio Die Casting specialists since 1922 © 
In Canada - Hamilton, Ontario fal 


DIE CASTING» HOOVER 
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This Small Lever Action Switch 
Requires Minimum Depth 
Behind the Panel! 


SERIES 12000 
Toceweery LEV-R SWITCH” 


- . ow circull 
—13 15° 25 wet THREADS \ a : ‘ 
a & _—_ sy | Available in Two Posi- 


t tion and Three Position 
L Types, Locking and Non- 
locking; also Three Posi- 
tion Locking one side — 
Non-Lock other side. 
Standard circuits. 


Z ywsuaTor 


Requires only about 1% of depth of conventional 
“Key” switches, behind the panel. Single hole 
mounting. 
Relatively long springs without any “forms” at 
point of flexing insure suitable spring action for 
long life. 


Fine silver contacts, rated at 3 amps. (300 watts 
max.) non-inductive load, are standard. 


Special circuits and Palladium contacts for low- 
current low-voltage circuits available on special 
order. Write for Bulletin S-593. 


5539 N. Elston Ave. 


Chicago 30, Ill. 


Canadian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario 


AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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New precision Hallgenerators 
reliable magnetic test equipment 


SIEMENS HALLGENERATORS — ten different types 
available from stock. 


GAUSSMETERS — portable and stationary technical in- 
struments, laboratory precision meters—no amplifier. 


COERCIMETERS — for instant indication of H.: between 
200 and 5000 oersteds. 





GRH Halltest Company 


157 S. Morgan Blvd., Valparaiso, Indiana 
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ary, 60 cycles. Intermediate ranges 
above 30 volts can be handled by taps 
on recorder between 0-50 and 0-150 
volts. 

Approximately 5 x 6 x 14 in. high, 
including handle. Is compensated for 
7.5 va. Dielectric test 2500 volts, 60 
cycles, for one minute. Weight 91% lb. 
The Esterline-Angus Co., Inc., Box 
596, Indianapolis 6, Ind. > 595 


FIRE AND BURGLAR-PROOF 
FILE 


Fire and burglar-proof file protects 
valuable drawings and maps without 
necessity of building a vault or pur- 
chasing large safe. Drawings as large 








as 3] x 42 in. can be protected in this 
unit. 

Equipped with a key lock at handle 
and drill-proof steel plate located 
ahead of all locking mechanisms. Also 
available is either a combination lock 
or a manipulation-proof combination 
lock. Weighs approx 1500 lb. Charles 
Bruning Co., Inc., 1800 W. Central Rd., 
Mount Prospect, Il. >596 


HAND TACHOMETER 

Suitable for accurate speed measure- 
ments in laboratories, test beds, and in 
quality control or production tests, 


tachometer has +0.25 accuracy of full 
scale deflection. 

Dial diameter is 120 mm (4.7 in.), 
and scale calibration is open and easily 
readable. The 7 mm (0.27 in.) drive 
shaft is equipped with ball bearings. 

Supplied with 2 large rubber- 
mounted male and female centers, an 
extensive shaft and center, oil con- 
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TO MAJOR DESIGN PROBLEMS! 


Sawe a with NATIONAIL 


WEIGHT RETAINING RINGS 


These efficient and dependable rings reduce weight, save 
on materials and cut down production and assembly time. 
TI M F Avoid the waste of cutting down larger diameter shafting 
to form collars and shoulders by grooving smaller shafts 
to accommodate National Retaining Rings. Now in use on 
MATERIALS all types of machinery, appliances, toys...from heavy 
duty equipment to miniature electronic assemblies. Call or 
write for complete information and catalog, today! 


M () N FY SEND DRAWING OR SKETCH for retaining ring suggestions 
on your design application, or request National Retaining 
Ring Catalog, today! 








THE NATIONAL 
LOCK WASHER 
COMPANY 


Serving Industry Since 1886 
NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 
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GOOD NEWS FOR 
CIRCUIT & SYSTEMS DESIGNERS! 


ELECTRICAL MANUFACTURING’S 


comprehensive 5-article series on 


Boolean Algebra 


now combined in a 
68-page reprint booklet! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this 68-page reprint booklet—now off press—ELECTRICAL 
MANUFACTURING now brings together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
published in these pages, May through September. 


Here’s a quick run-down on the subjects covered: 


e@ Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


e@ Circuit Design Using Boolean Matrices and System Synthesis 
Using State Coding—Here the authors examine still other methods 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


e Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combinational 
circuits must be augmented. So here the authors deal with the two 
sets of equations that must be derived, one set describing each 
output, the other describing each internal secondary (feedback) 
control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques; also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE WHOLE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
Quantity rates on request. Send remittance with order (adding 
3 percent if for New York city delivery) to ELecrricaL MANv- 
FACTURING, 1250 Sixth Ave., New York 20, N. Y. 


tainer and dropper, in a case 94% x 
614 x 3 in. Weight is 314 lb. James G. 
Biddle Co., 1316 Arch St., Philadel- 
phia 7, Pa. >597 


GRAPHIC SYMBOLS 


Standardized system for basic graphic 
symbols, cutouts and interconnecting 
flowlines reduces design time and 
simplifies assembly of centralized 
i 




















graphic control centers and graphic 
panelboards. 

Both metals and plastics are used; 
method of attachment positive and not 
discernible; no limitation made on 
finish, with 16 colors available. Devco 
Engineering Inc., Pier Lane West, 
Caldwell Township, Caldwell, New 
Jersey. ->598 


ENCAPSULATING AND 
POTTING COMPOUND KIT 
Included in experimental kit 3P is a 
non-shrinking modified polyester, a 
high-temperature epoxide and a room- 
temperature-curing isocyanate foam. 
Sufficient quantities of each compound 
are given to allow experimenter to try 
various combinations and evaluate the 
results. Electronic Plastics Corp., 675 
Barbey St., Brooklyn 7, N. Y. >599 


ANALOG COMPUTER 


The Esiac computer can be used in 
the design of servomechanisms, in the 
synthesis of networks, in analysis of 
electro-mechanical and electro-acousti- 
cal devices, or in other problems which 
require solution of Laplace transforms 
of linear differential equations. 

In transient analysis problems, Esiac 
is useful as improvement on and re- 
placement for graphical root locus 
technique. Computes and displays root 

(Continued on page 269) 
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ALLEN-BRADLEY PRESENTS... 


ae Ya, Y2, and 1-WATT 


a ks 


es a ¥e é: B ei 
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Far exceed MIL Specs 
for film and wire-wound resistors 


Allen-Bradley’s new, truly accurate, metal grid resistors are now 
available in 14, 14, and 1-watt ratings, producing test results that 
are a substantial improvement over the MIL Specifications for wire- 
wound and film type precision resistors. They combine remarkable 
stability, under load and on the shelf, with an exceptionally low 
temperature coefficient. The metal alloy grid is noninductive, pro- 
viding excellent high frequency characteristics. They also have an 
exceptionally low noise level...comparable to that of wire-wound 
units. Each unit is individually calibrated and marked with nominal 
resistance value, tolerance (+ 0.1 to 1%), and temperature coefficient. 
Provided with gold plated leads for flawless soldering. Considering 
their superior characteristics, these new resistors justly qualify under 
the Allen-Bradley trademark of Quality. 


Type GAH 
1 Watt at 100°C 
+0.1to 1% 


The construction of the 14, 14, and 1-watt 
resistors is identical. At the upper left is an 
enlarged view of the metal alloy grid, moun- 
ted on glass, which forms the resistance 
element. (A) Actual size of l-watt element, 
(B) encapsulating epoxy resin body, (C) fin- 
312” = 830” ished unit hermetically sealed in ceramic tube, 
¥ 4 " Allen-Bradley Co. 
222 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


Type CAH—', Watt at 100°C 





Type EAH—', Watt at 100°C 





ALLEN-BRADLEY 


Type GAH—1 Watt at 100°C 


6-58-E 
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ALLEN-BRADLEY 


CASCADED CERAMIC jj 
FEED-THRU FILTERS 


(PATENT PENDING) 


“J 
a \ NOW .. . out of the Allen-Bradley re- 
RSS search laboratories comes a completely 
TYPE FIB new and far more effective line of high 
FC : | frequency filter elements . . . especially 
AT 85°C me designed to eliminate radiation from low 
(NO 50N) 4 xe power circuits operating in the frequency 


. range from 50 mes to 5000 mes. 


| 
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Ww 
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Employing an entirely different con- 
TYPE FIS cept, these new filter elements have a 
phenomenal filtering efficiency . . . that 
actually increases tremendously with 
frequency, as illustrated in the graph 
at left. 


BS) (502 RE 
Ww 
oO 


These filter elements display none 
of the detrimental internal resonance 
TYPE FCD characteristics of standard tubular 
capacitors . . . and cascading elements 
permit an increase in effective capacity 
far beyond that practical even with ; 
discoidal design. 
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Filters are available in voltage ratings 
up to 500 v, DC at temperatures up to 
iZs 4. § 


Max. RF current is 0.25 amp, 
and max. DC or low frequency current 
eres Lt is 5 amp. 
TUBULAR \ Technical information available 
FD.THR. CAP 


5°¢C A TYPE SMFO upon request. 
aT te e (FULL SIZE) 
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loci of the Laplace transform of any 
linear differential equation as a tunc- 
tion of a variable coefficient or para- 
meter. Also measures the residue at 
each pole of a function. Electro 
Measurements, Inc., 4312 S.E. Stark 
St.. Portland 15, Ore. > 600 


PAPER-TAPE READER 
Perforated paper-tape reader will op- 
at 1000 characters per sec and 
will read information into control and 
computer systems requiring program- 
med data. Now in use as input unit 
with 220 processing system. 
Photoreader will 
stop-character in 


erate 


single 
than 


stop on a 


little more 


0.001 sec. Will then read next character 
within 5 millisec of reinitiation of read 
operation. 

May be adapted to use any 
ard-width commercial tape, from 5 to 
8-level Tape fed from plastic 
reels which also provide inexpensive 
storage for tapes. Available in 2 sizes, 
reels will hold tapes of 350 or 700 ft, 
containing 40,000 or 80,000 characters. 
Burroughs Corp., Electro Data Div.. 
460 Sierra Madre Villa. Pasadena, 
Calif. > 601 


stand- 


code. 





Postcard return cards are provided 
on page 17 as a convenience to the 
reader in obtaining— 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer's 


publication reviewed. 


Feature 
Single 
articles. 


Article Reprints 
copies of selected feature 


Advertised Products 
More information on any product 
or service described. 
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The assembly of wire harnesses 
has always been a major head- 
ache to production departments 

. final production of electrical 
and electronic equipment is many 
times held-up because of a lack 
of assembled harnesses ... a 
costly proposition brought on by 
the hesitation to pre-produce wire 
harnesses because of unforeseen, 
but sure to come, wire changes. 
In fact, 4 out of 5 wire harness 
designs are changed after they 
reach the production department 
for one or more of the following 
reasons ... faulty design, wire- 
man’s mistake, customer amend- 
ment, or changes to include a 
new component. Re-work costs 


ENGINEERING AND 
provuctio 


on laced wire harnesses are ex- 
tremely costly and it is under- 
standable that production is de- 
layed until the last possible minute. 


The use of “Insuloid Cradleclips” 
completely eliminates this prob- 
lem... wire harnesses can now 
be one of the first components 
ready for final production. If 
changes occur, you merely open 
the ‘‘Cradleclips,” remove or in- 
sert wires and re-fasten the 
“Cradleclips” . . . it’s fast, easy 
and economical. No waste mate- 
rial . . . labor costs are minute. 
The use of ‘Cradleclips” could 
save your firm at least 52% of 
your yearly wiring costs. 


WIRE BETTER, FASTER AND MORE ECONOMICALLY 


7 





with the cradleclip 


WIRING 
SYSTEM 








TRADEMARK 


Tests conducted by an independent Time Study organization 
provide positive proof of the great savings of time and mate- 
rials that can be realized through the use of “Insuloid Cradle- 


clips” 


a product of 


in the assembly of wire harnesses. Free copies of this 
report are available... 
and free "Cradleclip” samples... 


. write today for your Time Study Report 
there’s no obligation of course. 


124 EAST 40TH ST, 


ELECTRGOVERT INC. scene 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages 17 and 19. 








Literature 
for the 


All-new listings of manufacturer's literature just off the press . 


including catalogs, manuals and other reference publications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


RELAYS AND SWITCHES—One-hundred 
and two-page illustrated Catalog 4071-J 
covers line of relays and rotary step- 
ping switches for industrial 
Included are sections describing manu- 
facturing and quality control facilities. 
featured products. how to select the 


control. 


right relay for your application, order- 


ing information, complete  specifica- 
tions, technical summary, and dimen- 
sional diagrams of each class of relay. 


Automatic Electric Co. >625 


INDUSTRIAL TUBE FLIP CHART—A 30- 
page flip-style chart T-24 shows elec- 
trical and physical characteristics for 
the most important electron tubes hav- 
ing industrial, special purpose and mili- 
tary applications. Indexes industrial 
tubes by class, briefly explains use of 
each class, and gives technical infor- 
mation pertinent to each type within 
class. Tung-Sol Electric, Inc. > 626 


MACH CHARTS 
available: one compares Mach number 
with altitude, and also gives the Ram 
temperature rise; the chart 
shows the relationship of Mach num- 
ber and These Mach 
charts are of value to engineers re- 
quiring mach-altitude temperature in- 
formation. G. M. Giannini & Company. 
Inc. > 627 


Two Mach charts are 


second 


temperature. 
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INSULATING VARNISH CONTROL 
CHART — Insulating varnish control 
chart DC-480 suitable for wall mount- 
ing is intended primarily for materials 
engineers and production people in ap- 
plication control of insulating varnishes. 
Includes relative factors of units vis- 
cosity, temperature—viscosity relations 
in varnishes. reduction of viscosity in 
varnishes. and a temperature conver- 
sion chart. Westinghouse Electric. > 628 


RELAYS 


cludes illustrations, specifications and 


Twenty-page Catalog 159 in- 


dimensional diagrams of latest develop- 
ments in micro-miniature rotary relays. 
as well as sensitive telephone-type _re- 
lays. Also describes miniature and sub- 
miniature telephone-type relays. snap 
action, power, 400 cps, time delay. 
latch-in and low capacitance relays. 
Magnecraft Electric Co. >629 


BASIC SWITCHES 


edition of basic switch 


Enlarged 32-page 
Catalog 62c 
contains significant innovations in basic 
switches for industrial and commercial 
applications. Included are high-preci- 
sion roller lever switch. adjustable ac- 
tuator switch for fine adjustment. and 
the “pulse” switch. New mounting 
brackets and auxiliary actuators for 
basic switches have also been added. 


Micro Switch. > 630 


HEATERS AND HEATING DEVICES 

Fifty-two page Catalog GEC-1005J in 
cludes new product information on pipe 
heaters, thermostatically-controlled im- 
mersion heaters, l-in. diam water im- 
mersion heaters. domestic water heater 
replacement elements. new ratings and 
configurations of tubular heaters and 
many others. Various heating processes 
are described in 10-pages of power re- 


quirements. General Electric Co.->631 


PAPERS FROM 6TH NATIONAL CON- 
FERENCE ON’ ELECTRO - MAGNETIC 
RELAYS —Booklet contains papers pre- 
sented at Sixth National Conference on 
Electro-Magnetic Relays at Oklahoma 
State Univ. Includes 33 papers by 42 
authors and is published in a 132-page 
booklet complete with tables. graphs, 
diagrams and illustrations. Potter & 
Brumfield, Ine. > 632 


MAGNETIC AND MOTORIZED VALVES 

Twenty-four page Catalog V-58 illus- 
trates and lists specifications of mag- 
netic and motorized valves for use with 
air, water, gas, steam, oil and refrig- 
erants. Included are solenoid coil rating 
tables. Another feature consists of two 
flow charts—one for liquid, the other 
for compressible fluids. The Mercoid 
Corp. > 633 


TRANSFORMERS page 


catalog covers over 750 Stancor trans 


Thirty - two 


formers for industrial, communications. 
television and radio applications. Gives 
detailed listings of electrical and phys- 
ical specifications on full line and _ in- 
cludes output transformer charts, per- 
formance curves, and a special section 
with detailed descriptions and illustra- 
tions of mounting styles. Chicago Stand- 
ard Transformer Corp. >631 


VACUUM METALLIZING COATINGS 

Sixteen-page brochure titled “Vacuum 
Metallizing Coatings for Metal, Glass 
& Thermosetting Plastics” 
various coating application procedures 


describes 


as well as the coatings used in con- 
junction with vacuum metallizing. Bee 
Chemical Co. > 635 


VOLTAGE - REGULATED POWER SUP- 
PLIES—Fifteen-page Catalog B587 de- 
scribes a line of voltage- and current- 
regulated supplies including 
transistorized, magnetic and vacuum 
tube types. Includes illustrations, speci- 


power 


features and 


Kepco 


fications, applications, 
Labora- 


~> 636 


ordering information. 


tories, Inc. 


SYNCHRO TEST EQUIPMENT — Five- 
page bulletin describes new test equip- 
ment and supplements other technical 
data which relates to such test appa- 
ratus as synchro index stands, angle 
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TV TUNER HOUSINGS ELECTRIC IRON DIALS 








NY \ 
\). 


UY \ 





ELECTRIC SHAVER HOUSINGS COMBS FOR HAIR CLIPPERS TV SELECTOR DIALS 


...the tough new plastic for appliance parts! | tm, 


, ° : ’ ’ 
Write jor IMPLEX book let, technical assistance on specific applications, 


Tough IMPLEX, a modified acrylic for injection molding, 
offers cost reduction opportunities to manufacturers of 
many types of home appliances. What’s more, cost reduc- 
tion may be accompanied by performance improvement, 
for IMPLEX has a remarkable combination of physical 
properties. It imparts excellent resistance to impact, 
staining and corrosion . . . exceptional toughness, stiffness 
and dimensional stability ... high surface gloss... and 
freedom from unpleasant odor. IMPLEX can be molded 
accurately to complex shapes. 


and names of qualified IMPLEX molders. 


FRY Chemicals for Industry 

5 ROHM & HAAS 

om COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


Representatives in principal foreign countries 


Canadian Distributor: Crystal Glass & Plastics, Lid., 130 
Queen's Quay East, Toronto, Ontario, Canada. 

IMPLEX is a trademark, Reg. U.S. Pat. Off. and in 
principal foreign countries. 
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Luxolene 


WATERPROOF 
MOLDED COILS 





Molded from the new epoxy 
resins, the coils are imper 
vious to water, oils, dust 
acids, alkali solutions and 
water base hydraulic fluids 


The windings are completely 
encased in the thermoset- 
ting resin by incorporating 
the unique design of a core 
tube fabricated from the 
same resin as is used in the 
encapsulating process. 


Coil windings are currently 
being molded in green 
black, red, and blue colors. 
and all four colors are rec- 
ognized by Underwriters’ 


Laboratories as 


insulating 


materials for general pur- 
pose application 105° C. 
Class A requirements. 


Write 


Dept. E For Complete 
Details 


DELUXE COILS, INC. 


Post Office Box 


Transformer with Load Tap Changer 
equipment on side 


Load Transt@r Switch, showing Gib- 
siloy contac§ fingers 


Dep wey Ps, 


f)bailey 


364 . Indiana 
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(ibsiloy CONTACTS 


reduce costs, cut maintenance, 
resist sticking & erosion on 
Pennsylvania Load Tap Changer 


Wabash, 





Costs and maintenance have been cut on 
a Pennsylvania Transformer with load tap 
changing equipment. One good reason: 
Installing Gibsiloy UW-4 copper-tungsten 
electrical contacts. 

Pennsylvania Transformer Division, 
McGraw-Edison Co., also finds Gibson 
contacts resist arc erosion and sticking, 
have good conductivity and long life. This 
means reduced operation cost for utilities 
buying the transformer with LTC to main- 
tain automatic voltage level. 

The same Gibson experience develop- 
ing Gibsiloy UW-4 contacts approved by 
Pennsylvania Transformer can solve your 
contact problems. Send for complete tech- 
nical data on Gibsiloy silver, tungsten, 
copper, nickel, palladium and other elec- 
trical contacts. Contact Gibson first on 
your next problem. 


See our catalog in Sweet's 
Product Design File or write o? 


for Gibson ee a 
> - 


Catalog C-520 we a 


, 
GO 


LOMA CHALE Gy 


GiBSON ELecTRIC COMPANY 


BOX 590 + DELMONT, PA. 


an 
ff 
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position indicators and test cables. In- 
cluded are illustrations, general de- 
scriptions, features, applications and 
schematics. Kearfott Co., Inc. > 637 


TRANSISTOR SERVO AMPLIFIER—Bul- 
letin No. 501-2 describes complete per- 
formance specifications and application 
data of transistor servo amplifier Model 
501-2. With a 34 w output, units are 
suited for controlling small servo mo- 
tors in high-performance instrument 
control systems. Also includes dimen- 
sional data and wiring diagrams. Libra- 
scope, Inc. > 638 


MINIATURE SELECTOR SWITCH—Bul- 
letins 558S2 and 558ST2 discuss two 
aspects of the 34% oz Ledex subminia- 
ture rotary selector switch Model BD2E, 
which has stepping, counting, program- 
ming, circuit selecting and homing ap- 
plications. First sheet gives features, 
characteristics, dimensions and environ- 
mental conditions covering 1, 2, 3 and 
4-wafer availabilities. Second sheet is 
devoted to the 4wafer design, and 
contains characteristics, dimensional 
drawings and a wiring chart. G. H. 
Leland. Inc. > 639 


GEARSHIFT DRIVES—Fight-page Bulle- 
tin OEM-DB describes construction and 
typical applications of gearshift drives, 
shows original equipment photos and 
gives comparative data between selec- 
tive-speed gearshift drives and other 
types of drives. The Lima Electric 


Motor Co., Inc. > 640 


DRILLING LAYOUT MACHINE—Four- 
page catalog contains specifications and 
illustrations of drilling layout machine 
Model 25-A Flex-O-Drill. Besides drill- 
ing templates and printed circuits, 
machine reams, scribes and_ center 
punches, and is suitable for pilot runs 
and low unit production to its capacity 
of 24x 24x 14 in. Wales Strippit Com- 
pany. > 641 


ZIPPER SHIELDING CABLE—First edi- 
tion of Zippertubing News, to be is- 
sued bi-monthly, features company’s 3 
types of shielded zipper-tubing, which 
allows application of a jacket and a 
shield for wires and cables in a single 
operation. Also included are separate 
articles on Mylar, neoprene, polyethel- 
ene, Teflon and tapered Zippertubing. 
The Zippertubing Co. > 642 


PRE-IMPREGNATED GLASS CLOTH — 
Two technical data sheets, TDS-101/1 
and TDS-101/2, describe Stanpreg P1, 
an all-purpose polyester resin pre-im- 
pregnated glass fabric. Combines un- 
usually temperature 
strengths with flame resistance. In- 
cluded are a properties chart compar- 
ing the cloth with MIL-R-7575A re- 


(Continued on page 276) 


high elevated 
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The best-dressed 


Pigtails . 
are wearing ee a 


BURCAPs 


THE COMPRESSION-INSTALLED SPLICING CONNECTOR 





e rated for GOO volts for building wire, 1000 volts for fixtures and signs 


e designed to splice a wide range of wire sizes 


wine ron eo PLYER-TYPE RATCHET-TYPE PNEUMATIC-TYPE 
TOOLING FOR THE YiSOMW MB8ND YIONCP 
BURNDY one 
Send for tooling information 
and samples ~- write BURNDY, 
Norwalk, Connect. or Toronto, Canada 


OMATON DIVISION 


SBSURNDY 
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A PARTIAL LISTING OF 


YO'JR 1958 BUYING GUIDE 


THE MOST 


TO SEMICONDUCTOR 


INTERNATIONAL 


EXTENSIVE 


ELECTRON ic TYPES FOR INDUSTRIAL AND MILITARY APPLICATIONS 


MINIATURE SILICON POWER DIODES 


Ratings: 100 to 600 PIV, Up te 500 ma. 
Specifically designed for missile and airborne 
equipment applications where miniaturization 
and reliability are prime factors. Hermeti 
cally sealed, all-welded, pigtail lead construc 
tion. Manufactured to meet the most rigid mil 
itary requirements. Request Bulletin SR-203 


SELENIUM RECTIFIER STACKS 


Ratings: From 100 ma. to 50 Amps. 
Low forward voltage drop and low leakage 
characteristics make this series ideal for a wide 
variety of power applications. For details re- 
quest Bulletin C-439, (26 volt cells); Bulletin 
$R-160, (45 to 52 volts per cell) and Bulletin 
$R-152, on high current density cells. 


HIGH VOLTAGE SILICON POWER DIODES 


Rating: 688 to 2080 volts PIV . 160 to 125 ma. 
Three types il i sealed, 


PIGTAIL TYPE SILICON POWER DIODES 


ff. 

Ratings: 50 te 600 volts PIV + 250 to 750 ma. 
An extensive line of silicon power diodes for 
military and industrial applications featuring 
all.welded, hermetically sealed construction. All 
designed and manufactured to meet the most 
rigid military requirements. For information 
on types for your application Centact Factory 


SELENIUM TV AND RADIO RECTIFIERS 


Ratings: 25 to 156 volts AC, 50 te 1,200 ma. DC 
The widest range in the industry! Designed for 
Radio, Television, TV booster, UHF converter 
and experimental applications. Input ratings 
from 25 to 156 volts AC and up. DC output 
current 50 to 1,200 MA. Write for application 
information. Bulletin ER-178- 


HIGH VOLTAGE SILICON CARTRIDGE RECTIFIERS 


Ratings: hres te 16,0000 volts PIV @ 45 to 440 ma. 





pigtail construction. Style J rated at 600 to 
1000 volts PIV at 125 ma. Bulletin SR-138E 
Styles K and L with PIV ratings from 600 to 
2400 volts at 100 ma. de output current are 
described in technical detail —Bvulletin $R-157. 


E ially suited for miniaturized military 

equipment where optimum reliability is a prime 

factor. Standard types for normal convection 

cooling and high current types for forced air 
i 


STUD MOUNTED SILICON POWER DIODES 


Ratings: 50 to 600 volts PIV + 400 ma. to 1 amp. 
Industrial and military types including the 
1N253, 1N254 and 1N255. Stud mounted, her 
metically sealed, all-welded construction. Oper 
ating temperature range: -55°C to + 150°C 
Designed and manufactured to meet most 
rigid military specifications. Bulletin SR-135C 


SILICON TV RECTIFIERS 


Ratings: 400 PIV, up te 750 ma. 
SD-500. A hermetically sealed, all-welded sil- 
icon junction rectifier offering maximum relia- 
bility in the hig’ pe in 
a bieetiaat Pigtail leads eliminate the 
need for brackets, blocks, etc., sigpplify instal- 
lation. For complete data: Contect Fac 





SELENIUM HIGH VOLTAGE CARTRIDGE RECTIFIERS 


Ratings: 20 te 20,000 volts * 0.2 te 195 ma. 
Designed for long life and reliability in half 
wave, voltage doubler, bridge, center-tap cir- 
cuits, and 3-phase circuit types. Phenolic 
—_ and hermetically sealed types avail 





or oil cooling. Hermetically sealed, 
ceramic housing. Request Bulletin SR-225 


ab range: -65°C to 
e100, For details : specify Bulletin H-2. 


Ratings: 20 to 160 volts + 100,a te 11 ma. 
Ideal components for bias supplies, sensitive 
relays, computers etc. High resistance, (10 
megohms and higher at -10 volts). Excellent 
linear forward characteristics. Extremely small, 
low in cost. Encapsulated to resist adverse 
environmental extremes. Specify Bulietin $O-18. 


HIGH Q@ VOLTAGE VARIABLE CAPACITOR 


Ratings: @ of 1000, 200 Piv DC 
Semicap’s small size, light weight, high relia- 
bility and low power requirements make it 
ideal for automatic frequency control, fre- 
quency modulation oscillators and filter 
networks. All-welded hermetically sealed, 
shock-proof housing. Request Bulletin $R-205. 


SPECIAL HIGH VOLTAGE TYPES 


Rating: 12,500 volts PIV at 5 Amps. 
Illustrated above is a typical rectifier of ad- 
vanced design juced by International Rec- 
tifier Corporation for military application. 
Data on rug silicon substitutes for 

5 vacuum tubes may be obtained 
from our Military Products t. 


International 


EXECUTIVE OFFICES: EL SEGUNDO, CALIF, 


The World’s Largest Supplier of Industrial Metallic Rectifiers + Selenium + Germanium * Silicon 











ear Y 


RECTIFIERS FORALL DC REQUIREMENTS...FROM MICROWATTS TO MEGAWATTS! 


RECTIFIER CORPORATION PRODUCTS 


LINE OF QUALITY RECTIFIERS ON EARTH! 


All designed and manufactured to meet the most rigid military requirements ! 


SPECIAL 
SEMI- 
CONDUCTOR 
DEVICES 


POWER TYPES For inoustriat 


SILICON RECTIFIER STACKS 


Utilizing junctions rated to 1.25 amps OC output 


These stacks consist of hermetically sealed 


junction diodes mounted on copper cooling 
fins, stacked to include the interconnections 
required for specific circuits. Junction rat 
ings’ 1.25 amps. DC output: 70 to 350 AC 
input volts rms. Request Bulletin $R-137A 


SILICON RECTIFIER STACKS 


Ratings: 45 to 150 Amperes per Junction 
Consisting of hermetically sealed junction diodes 
mounted on aluminum or copper cooling fins 
stacked to include the interconnections required 
for specific circuits. Junction ratings: 45 to 150 
amps average DC. Write for application data 


SELENIUM CONTACT PROTECTORS 


Complete series of AC and DC types. 
Designed to eliminate arcing and erosion 
across the contacts of relays, switches, etc 
A complete series in each of three basic 
types: diode type, cartridge type and her. 
metically sealed types for industrial appli 
cation. For complete data: Bulletin $8-150-A 


12 AMP. SILICON POWER DIODES 


Conservatively rated to provide a substantial 
safety factor in industrial applications. Her- 
metically sealed, all-welded case construction 
provides reliability over a long life. Types 
available in a wide voltage range. For details 
Contact Factory. 


250 AMP. SILICON POWER DIODES 


Ratings: 50 to 500 volts PIV + 75 te 250 Amps. 
Standard and reverse polarity types offered in 
a series of machine thread and pipe thread 
mounting styles. Complete assemblies in all 
circuit configurations also available. Rugged 
construction and hermetic sealing assure long 
life and reliability. Ask for Bulletin $R-305 


SILICON VOLTAGE REGULATOR ZENER DIODES 


Ratings: From 600 milliwatts to 10 watts 
A complete series in 6 types. Miniature single 
junction types, multiple junction types and 
double anode units. 750 milliwatt and 1 watt 
types: Bulletin SR-251, 3.5 and 10 watt types: 
Bulletin $R-252, Multiple junction 5 watt 
types: SR-253, Double anode types: SR-254 


25 AMP SILICON POWER DIODES 


Rating: 50 te 500 volts PIV + 25 te 45 Amps. 
Advanced ceramic techniques assuring excel 
lent thermal characteristics and mechanical 
stability are used in the production of these 
highly reliable, hermetically sealed rectifiers 
for military or industrial applications. For com. 
plete technical data, request Bulletin SR-304 


Ratings: 6 te 30,000 volts + 50 te 2,300 Amps. 
Specifically designed for industrial DC power 
needs. Patented construction features assure 
long life. Descriptive bulletins available are: 
Bulletin C-349, (26 volt cells); Bulletin SR-160, 
(45 to 52 volts per cell) and Bulletin SR-152, 
on high current density cells 





SILICON ZENER VOLTAGE REFERENCE ELEMENTS 


Temperature compensated for stability 
te +.001%°C 


Extremely precise units for power supplies and 
voltage sources. Temperature compensated for 
excellent stability over a temperature range of 
from -55°C to + 150°C. Manufactured to meet 
the most rigid military requirements. Types 
1N430, 1N430A, 1N430B. Bulletin SR-255 


Rectifier Corp 


© OREGON 8-6281 ¢ CABLE ADDRESS: RECTUSA 


NEW YORK AREA OFFICE: 132 E. 70th St., TRafaigar 9-3330 
CHICAGO AREA OFFICE: 205 W. Wacker Dr., FRanklin 2-3888 

NEW ENGLAND AREA OFFICE: 17 Dunster St., Cambridge, Mass., UNiversity 4-6520 
PENNSYLVANIA AREA OFFICE: Suburban Square Building, Ardmore, Penn., Midway 9-1428 
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AND MILITARY APPLICATIONS 


150 AMP. SILICON POWER DIODES 


Ratings: 50 to 800 volts PIV + 45 to 150 Amps. 

An extensive series of standard and reverse 
polarity types. Optional mounting bases in- 
cluding machine thread and pipe thread types. 
Machine thread base types: Bulletin $R-300, 
Pipe thread base types. Bulletin $R-301, 
Complete stack assemblies: Bulletin $R-302 


Ratings: 500 amperes + 26 to 66 volts rms 
High capacity junctions especially designed 
for high-current, low-voltage electrochemical 
installations. Air cooled, these hermetically 
sealed junctions provide efficiency to 98.5% 
Cast aluminum airfoil housing effects maxi 
mum heat transfer. For details Contact Factory. 


PHOTOELECTRIC CELLS AND SUN BATTERIES 


he 
CSS 


(Wide range of silicon and selenium types.) 
Self ing cells lable in stand 
custom sizes, d or 
details on wide selection of selenium types, 
request Bulletin PC-649. Silicon solar cells in 

d d types are described 
in technical detail—specify Bulletin SR-156. 











REPRESENTATIVES THROUGHOUT THE WORLD 





shortest distance 
between blueprint and product 





The DUPL-O-SCOPE 


Firms punching or notching sheets up to 1,” mild steel in medium 
runs know how profitable it is with a Strippit Fabricator-Duplicator. 
Now, it’s even faster with the new Dupl-O-Scope, which eliminates the 
template drilling and layout step! 


Readily mounted in the Duplicator stylus bracket. this precision 
optical pickup device quickly translates a drawing, layout or printed 
circuit sample into a punched metal template — ready for rapid-fire 
punching and notching on the Fabricator-Duplicator using standard 
interchangeable tools or “specials” made up to your requirements. 


Write today for catalog and an actual demonstration on your 
work at your plant by a Strippit Mobile Unit. Warehouse stocks at 
Chicago and Los Angeles. 


The versatile Strippit Fabricator, one- 
machine shop for quick-change punching. 
notching and nibbling — available with 
positive Duplicator for high-speed produc- 
tion punching and notching in complex 
patterns including printed circuit boards. 


WALES 


STRIPPIT 


Company 

, 
222 Buell Road, Akron, New York wa y Sy 
in Canada: Strippit Tool & Machine Limited, AILLE 
Brampton, Ontario 
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quirements and a temperature strength 
and flame resistance curve. Standard 
Insulation Co. > 643 


MOLDED PRECISION POWER RESIS- 
TORS—Bulletin 153 describes wire- 
wound power resistors that feature a 
jacket of silicone-ceramic material 
molded around it to provide a moisture- 
proof, high-insulation resistance cover- 
ing. Also lists variety of resistance tol- 
erances in which units are furnished, 
as well as max resistance values for 
each wattage size. Ohmite Manufactur- 
ing Co. > 644 


LIGHT -STABLE STYRENE — Lustrex 
Perma Tone, a light-stable styrene poly- 
mer for molding and extrusion, is the 
subject of 12-page technical Bulletin 
2491. Contains performance data and 
information on various testing tech- 
niques used to evaluate the product. 
Performance curves and property values 
are included. Monsanto Chemical Co.. 
Plastics Div. > 645 


LOW-FLOW SERVO VALVES—Catalog 
210 contains a series of curves and 
schematics which highlight design and 
performance characteristics of low-flow 
servo valves for military, industrial and 
research application. Features a de- 
tailed glossary of servo valve terms, as 
well as a detailed cutaway photograph 
of a typical valve in this series. Moog 
Valve Co. Inc. > 646 


KNITTED METAL MESH—Fight-page 
brochure entitled “Knitted Mesh, Its 
Properties and Uses,” describes knitted 
metal mesh and its unusual properties. 
Outlines briefly how and where it can 
be used to advantage. Metal Textile 
Corp., a Div. of General Cable Corp- 
oration. > 647 


FRACTIONAL AND INTEGRAL HP MO- 
TORS—Current list prices, dimensional 
data and drawings, standard modifica- 
tions, slide base dimensions with dia- 
grams and adapter information are 
contained in 4-page Bulletin SB-175. 
Covers all general-purpose fractional 
and integral hp motors from %o 
through 200 hp. New line of d-c motors 
from 182 through 586 frame included. 
Marathon’ Electric Manufacturing 
Corporation. > 648 


METALLIC MERCURY SWITCHES—Bro- 
chure describes features of a series of 
metallic mercury switches for all types 
of applications. Discusses operation and 
mounting, also includes dimensional 
data, motor ratings, and electrical speci- 
fications. Electric Switch Corp. ~>649 


HIGH TEMPERATURE WIRE — Four- 
page bulletin F-1005 describes series 
of tests performed to illustrate ad- 
vantages of Flexolon hook-up wire over 
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Custom-built or Stock, 
Simpson Offers a Complete Line 


To meet your special requirements, Simpson 
can build electrical panel meters in many 
combinations of size, range, type, and style. 
For meters in small quantities, you 

ean select from 60,000 stock units (over 900 
sizes and types) available for immediate 
delivery through your Electronic Distributor, 
Many stock models now have the self shielded 
Core Magnet Meter Movement. 


These fine panel instruments are known 


throughout industry for their ruggedness and 
long-lived accuracy. Write today for 


Technical Manual No. 17. 


Tae RSlepion 
over 5Q vears 
m Twe ess 
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Reprints now available 


on Ira Ritow’s 


practical guide to 


Slide Rule 


Mathematies 


H Ow are you on the log-log scales with 
vectors and complex functions—not to mention 
the hyperbolics? 


“SLIDE RULE MATHEMATICS” —re- 
printed from the March-April issues of ELEC- 
TRICAL MANUFACTURING—offers a prac- 
tical guide to the understanding of the slide 
rule and its application to engineering prob- 
lems. This 2-part article is the work of Ira 
Ritow, engineer-teacher and author of the 
popular “Capsule Calculus” and “Fundamentals 
of Servomechanism Design.” SLIDE RULE 
MATHEMATICS traces the logical develop- 
ment of the slide rule’s fundamentals and gives 
complete concise instructions for its use. Con- 
tains over 50 two-color illustrated examples of 
step-by-step slide rule settings. Major topics 
include: 


Uses of the Basic Slide Rule 
Variations on Basic C-D Operations 
Trigonometry 

The Log-Log Scales 

Vector Diagrams 

Phasor Calculations 

The Circular Slide Rule 


The 20-page reprint, plus 4 practice slide rules 
printed on heavy stock for easy cut-out, is priced at 
ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy 
price is 90 cents; for 25 or more copies, 75 cents each. 
Send remittance with order (adding 3 per cent for 
New York City delivery) to Reader Service Depart- 
ment, The Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 


Director, Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue, New York 20, N. Y. 


for 


Enclosed is our remittance cash; 





copies of the 20-page reprinted article “SLIDE RULE 


MATHEMATICS.” 


Mail copies (postpaid) to 











wires of other construction. Samples 
were tested for flexibility, dielectric 
strength, concentricity, and average 
length. Tests are fully described and 
charts and graphs included. Tensolite 
Insulated Wire Co., Inc. > 650 


ENVIRONMENTAL EQUIPMENT 

Twenty-eight page brochure entitled 
“Controlled Atmospheric Conditions 
and Environmental Chambers” contains 
illustrations, temperature conversion 
charts, atmosphere and high altitude 
charts, environmental applications, and 
complete technical information on a 
line of environmental equipment for 
research and testing. Webber Manu- 
facturing Co.. Ine. >651 


ENAMELED MAGNET WIRE—Brochure 
No. 10-404, “Specify Sylkyd Enameled 
Wire.” discusses the growing use of 
silicone insulating materials in the elec- 
trical industry. Included are the ad- 
vantages of Sylkyd wire, features, typ- 
ical properties, reliability data, and 
suitability as a 180 C material. Dow 
Corning Corp. > 652 


SILVERED MICA CAPACITORS—Illus- 
trated brochure contains a_ reliability 
study of silvered mica capacitors. In- 
cluded are headings discussing rela- 
tionships, effect of voltage and tem- 
perature stresses on life, “debugging” 
and what it accomplishes, and typical 
failure curves for undebugged and de- 
bugged capacitors. The Electro Motive 


Manufacturing Co.. Inc. > 653 


CLAD AND UNCLAD EPOXY GLASS 
LAMINATE—Twenty-one page techni- 
cal data manual contains test values, 
curves, and specification data on high 
reliability epoxy glass copper clad and 
unclad laminates for printed and other 
circuitry. First half contains test data 
based on MIL-P-18177A and NEMA 
specs. The balance contains tempera- 
ture rise and voltage test curves plus 
specification material. The Mica Corp- 
oration. > 654 


THERMAL RELAYS AND SWITCHES 

Form 2-58-5 describes several types of 
sensitive thermal relays and switches. 
Included are illustrations, applications, 
contact arrangements, electrical speci- 
fications. Full description of the TR-103 
relay given, designed to operate in the 
millions with power required from 
0.023 to 0.036 w. Hamlin, Inc. > 655 


MOLDED TEFLON PARTS—Brochure de- 
scribes facilities of company, who make 
Teflon molded parts from basic forms 
such as rod, tubing, extensions and pre- 
form moldings. Includes a discussion on 
the capabilities of Teflon components 
(virgin or filled) and experience com- 
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rs NEW 
rsa PUSH-IN NUT 


STRAIGHT LEGS WON’T DISTORT 
THIN METALS OR ALUMINUM 


GREATLY INCREASED 
PULL-OUT RESISTANCE 


PATENT PENDING 


ROUND HEAD SQUARE HEAD ‘ ene ° 
This new Dot Nylon Push-in Nut offers additional design and performance advan- 


tages over our currently available plastic snap-in nuts. These advantages are: 


(1) Straight legs permit easy insertion in square, punched holes and do not distort 
the holes even in soft aluminum or thin-gauge steel. (2) Burrs do not impede the 
nut or prevent proper seating. (3) Tapered screw hole causes legs to spread when 
screw is inserted and results in greatly increased pull-out resistance (see drawing A). 


RECTANGULAR 


TABLE OF DIMENSIONS 


For use with #8 or #10 screws, finished Ordinary sheet metal screws cut clean, strong threads in the molded nylon and 


hole size .290/.281, application thickness . { * nd hichly resistant to vibration 
-030/.060. Other sizes available soon. the nut is both re-usable and 'g ly re . - : 


HEAD SIZE HEAD HEIGHT Used as a nut or as a spacer, Dot's Nylon Push-in Nut has wide application in all 

7/16" DIA, .150 products where sheet metals or plastics are employed. They can be supplied witha 
1/2” DIA. .030 moisture resistant sealer and special nuts can be designed to your specifications if 
1/2” DIA. .040 volume warrants. Currently available in eleven sizes. Full information on request. 
1/2" DIA. 070 
V2" DIA. 3 CARR FASTENER COMPANY 
1/2” DIA. ns : 
3/8” SQ Division of United-Carr Fastener Corp., Cambridge 42, Mass. 
3/8” SQ. 

13/32” SQ. R 

13/32” SQ. ’ MAKERS OF FASTENERS 


3/8" x 37/64" 
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PROVEN 


PERFORMANCE 
FROM 

SEA LEVEL 

TO 


70,000 FT 


e 
MAINTAINS 
CONSTANT 
COOLING 
EFFICIENCY 


—— 


Mounting: 24," 
across flats 


IMPROVED HIGH SLIP MOTORS DRIVE 
COOLING FANS AT VARYING ALTITUDES 


New, improved, high-speed, high- 
slip motor design changes speed with 
lower densities (higher altitudes) to 
maintain constant cooling efficiency. 
These high-slip motors are rated at a 
minimum of 1,000 hrs. @ 125° C.; 
longer life expectancy at lower ambi- 
ents. Choice of 400 cps or Variable at 
1 $, or 400 cps at 3 ¢. Prototypes 
delivered in 2-6 weeks; Production 
deliveries 6-8 weeks. Circle card for 
data sheets and performance curves. 


145 CFM at O”SP 
at Sea Level 


440 CFM at O’’SP 
at 70,000 ft. 


air-marine motors, inc. 


AMITYVILLE. NEW YORK ~ LOS ANGELES. CALIF 
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pany has had using Teflon to make 
molded parts. Halogen Insulator and 
Seal Corp. > 656 


ELECTROMECHANICAL ACTUATOR 
GLOSSARY—Booklet is a glossary of 
advantages and design parameters of 
electromechanical actuating equipment 
used in control systems in aircraft, mis- 
siles, electronics, ordnance and indus- 
trial applications. Also describes com- 
pany’s use of modular or building block 
construction for actuator applications. 
Hoover Electric Co. >657 


ROTATING AND CONTROL EQUIP- 
MENT—Illustrated Form 4988 gives il- 
lustrations and applications of rotating 
equipment, control equipment, high-fre- 
quency motor-generators, mobile air 
conditioning, and motor brakes. De- 
scribes company’s facilities for design 
of above equipment for virtually every 
field. Safety Industries, Inc. > 658 


EYELETS, SCREWS, NEON LAMPS 

Technical data sheets describe line of 
funnel flange eyelets, instrument eye- 
lets and eyelet setting tools, brass in- 
strument screws, stainless steel in- 
strument screws, and high intensity sub- 
miniature neon lamp indicators. Circon 
Component Corp. > 659 


MINIATURE RHEOSTAT—One of the 
smallest rheostats for its rating, the 
Model “E” rheostat, is described in 
Bulletin 157. Smaller than many 1 or 
2 w potentiometers, this all-ceramic 
and metal unit is capable of dissipating 
12144 w. Related operating and dimen- 
sional data are included, as well as 
information on modifications of these 
units, such as tandem assemblies, shaft 
locking devices and tapered windings. 
Ohmite Manufacturing Co. > 660 


TUBULAR FILM CAPACITORS——Bulle- 
tin GEC-1518 provides detailed informa- 
tion on operation and application of 
Lectrofilm-B tubular capacitors, made 
with aluminum foil and Mylar film 
dielectric. Explains characteristics and 
advantages and includes ratings, di- 
mensions, outline drawing, ordering 
instructions. General Electric Co. 661 


MAGNETIC CLUTCHES—Fiive specifica 
tion bulletins describe a line of mag- 
netic clutches available in both Mil- 
Spec and commercial models. Included 
are complete specifications, perform- 
ance curves and dimensional drawings. 
The Magnetec Corp. > 662 


WIRE MARKERS—Fight-page catalog 
of pressure-sensitive wire markers il- 
lustrates and describes a variety of 
standard Speedy-Marx wire markers 
available on instant-release dispensing 
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VAR ISOLASTANE 
TUBING and TAPE 


— for sharp bends HEAT —for continuous perform- 
and irregular PaAYKYE‘1 Pee ance at temperatures up 
surfaces to 155°C 


KF isoLastane is Natvar’s new elastomertc 
isocyanate type coating for Fiberglas braid , : : f F 
and tape. Registration pending. Natvar Isolastane is now making important savings possible. It makes it un- 


necessary to use expensive Class H materials to solve temperature problems 


( during the manufacture of products which do not require Class H rating. 
latva/t —— 
a Isolastane is outstanding in its 


Natvar Products @ ELASTICITY (EXTENSIBILITY) @ TOUGHNESS AND ABRASION RESISTANCE 
Vornished cambric—cloth and tope @ RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH 
Varnished canvas and duck @ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY 


Varnished silk and special rayon 
@ RESISTANCE TO SOLVENTS, @ FUNGISTATIC QUALITIES 
INCLUDING THE ASKARELS 


Varnished—Silicone coated Fiberglas 
Varnished papers—rope and kraft 
Slot cell combinations, Aboglas © 
Isoglas® sheet and tape Full technical data and samples are available on request. 
Isolastane® sheet, tape, tubing 
and sleeving 


reed ating on - a N ATY A e CORPORATION 


Crtraded tdeesiieation meshes FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
Ask for Catalog No. 24 TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


RANDOLPH AVENUE @© WOODBRIDGE, NEW JERSEY 
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Photomicrograph 
shows comparative 
grain structure of 
ordinary phosphor 
bronze (left) and 
finer, more uniform 
Flexograin. 


TESTS PROVE BETTER FATIGUE LIFE 


with Flexograin 


Only a specialty mill in phosphor 
bronze could produce a product 
like Flexograin —a uniform, fine- 
grain phosphor bronze with sub- 
stantially better fatigue life. Tests 
prove that Flexograin withstands 
stress and strain that would cause 
failure in ordinary, coarse-grain 
phosphor bronze. Even after tor- 
turous forming operations, 
Flexograin, with its higher duc- 
tility, maintains its smooth, 
bright surface finish. 


phosphor bronze 


Riverside-Alloy technical experts 
don’t just accommodate phos- 
phor bronze inquiries —they 
concentrate on them. Chances 
are, they can suggest new uses 
for Flexograin that will save you 
money. Wire, write, or call for 
complete details. And for free 
technical bulletin, T-4, which 
describes the properties and uses 
of Flexograin, write today to— 
Riverside-Alloy Metal Division, 
H. K. Porter Company, Inc., 
Riverside, N. J. 


H.K. PORTER COMPANY. INC. 


RIVERSIDE-ALLOY METAL DIVISION 
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cards. Inside front cover discusses prod- 
uct features, including type of finish 
and temperature ranges. North Shore 


Nameplate, Ine. > 563 


TRADE MARKS AND TRADE NAMES 
FOR POWER CABLES, WIRE AND IN- 
SULATION booklet, 


nally produced in 1954, of trade marks 


Ten-page origi- 
and trade names of insulating materials 
and bare and insulated wire and cable 
field. has 


been revised and made available. List- 


used in the electric power 


ings are arranged by product classif- 

accordance with NEMA 
National Electrical Manu- 
Association. > 664 


cations in 
practice. 
facturers 


HEAVY-DUTY LIMIT SWITCHES 

Twelve-page illustrated Bulletin EM- 
5824 describes the Snap-Lock Series 
D-2400 heavy-duty limit switches. Lists 
design and construction features such 
oil-tight 
separate within a 
housing for the mechanical and electri- 


as water and covers, and 


enclosures single 
cal sides. Styles and sizes of operating 
levers available are also shown. The 


National Acme Co. ->665 


CAPTIVE NUTS AND STUDS—Fou: 
page Bulletin No. 58-2 describes a com- 
plete line of wear-resistant. steel 
threaded inserts for use in aluminum 
or brass. Five types of captive nuts 
and a line of studs are described. Na- 
tional Co., Ine. > 666 
ADJUSTABLE SPEED DRIVES—Sixteen- 
page brochure describes V*S drives 
that provide precise, adjustable ma- 
chine speeds from in-plant a-c circuits. 
Illustrates in brief copy and full-color 
photographs and diagrams how these 
drives operate and may be applied to 
various types of machinery in all in- 
dustries. Also lists condensed drive 
specifications, dimensions and accesso- 
ries. Reliance Electric and Engineering 


Co. > 667 


MOLDED CABLE ASSEMBLIES 


supplement S-592 covers molded cable 


Catalog 


assemblies of the following types: 
straight and right-angle phone plugs; 
straight and right-angle “Tini-Plugs”; 
extension jax; straight and 
plugs and 
extension jax. Includes design features, 
dimensional 


phone 


right-angle phono phono 
draw- 


> 668 


specifications and 
ings. Switchcraft. Inc. 


WIDE-RANGE TEMPERATURE CON- 
TROL 
plications, operation, calibration data 
and dimensional drawings on Type Cll 
and Type E32N temperature controls. 
Type Cll is a wide-range temperature 
control for use in engine cooling sys- 


Technical data sheet gives ap- 
£ I 


tems and marine applications. Type 
E32N is an indicating temperature con- 
trol, and is suited for such applications 
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The New Brush Mark opens up 
whole new world 
of direct writing applications 


brush 


RECOROER MARK Ii 


Sensitivity 
10mvfline (mm). Full scale deflection from 
chart center + 200 mo. 

Measurement Range 
.010v. to 4000, 


Input Impedance 


5 megohm single-ended, 10 megohm balanced. 


Frequency Response 
D.C. to 100 cps. 


Recording Channels 
Four, 2 event channels and 2 analog. 


Chart Speeds 
1, 5, 25, 125 mm/sec. 


Power Requirements 
105-125v., 60 cps, 135 watts at 1150, 











The portability and remarkable simplicity of the 
Brush Mark II make it practical to use anywhere. 

Wherever you work—in research, design and 
development, production, field testing—you get an 
immediate ultralinear record of performance _. . for 
quick analysis and corrective action on the spot . . 
for study at a later date . . . for reproduction by 
conventional low-cost copy methods. 

As foolproof as you’d hoped for, this recorder 
has built-in amplifiers, permanent calibration, in- 
stant paper loading and a “white glove” writing 
system. Use it as a recording voltmeter. ..as a 
supplement to your “‘scopes’’. 


CALL-WRITE-WIRE for immediate shipment from 
stock — $1350 F.O.B. Cleveland. 


bay Soa INSTRUMENTS 


Division OF 
3405 PERKINS AVENUE CLEVELAND 14, OHIO 
coseroeat On 
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For HIGHEST ELECTRICAL 
& MECHANICAL Effecceucy/! 


P-2406-CCT 
Plug—with cable 
clamp in top. 





$-2406-SB 
Socket with shallow 
bracket for flush 

mounting 


HOWARD B. JONES DIVISION 


NCH MANUFACTURING CORPORATION 


SUBSIDIARY OF UNITED-CARR FASTENER CORP 





TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of C1 is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
‘ Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division co 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 





Circle 275 on page 17 





as ovens, incubators, baths, environ- 
mental test chambers and molding ma- 
chines. United Electric Controls Com- 
pany. > 669 


LIQUID-FILLED POTENTIOMETERS. 

Three liquid-filled precision potenti- 
ometers are described in 7-page Data 
Sheet 1482. Described are a 10-turn 
1%6 in. diam model and 3-turn and 10- 
turn 2 in. diam models. Photographs. 
power input charts, dimensional draw- 
ings, electrical and mechanical speci- 
fications, standard coil data and avail- 
able modifications are included. Heli- 
pot Division of Beckman Instruments. 
Inc. ->670 


RIGHT-ANGLE GEAR DRIVES—Solu- 
tions to a variety of industrial power 
transmission problems with standard- 
ized 90-deg power takeoffs are de- 
scribed in Catalog IA-58. Text and 
sketches cover such specific right-angle 
bevel gear drive applications as run- 
ning a timing camshaft on a bagmaking 
machine and operating limit switches 
on several types of presses. Tables. 
drawings and graphs point up con- 
struction and performance features 
Airborne Accessories Corp. > 671 


INCANDESCENT INDICATOR LIGHTS 
—Catalog A-58 describes in detail the 
complete line of Color-Lite submini- 
ature incandescent indicating lights and 
accessories used by aircraft, missile 
test stand, laboratory and production 
line equipment manufacturers. Includes 
body and receptacle assemblies, replac- 
able lamp receptacles, general speci- 
fications, typical dimensions, and wir- 
ing details. The Sloan Co. >672 


ADJUSTABLE A-C VOLTAGE SUPPLY 

Eight-page circular CVL-274 describes 
the Solavolt, a dependable source for 
regulated, adjustable a-c voltage. Unit 
is a harmonic-free constant voltage 
transformer with addition of an ad- 
justable auto-transformer. Includes il- 
lustrations, schematic diagrams and 
specifications. Sola Electric Co. ->673 


SINTERED-ANODE TANTALUM CA- 
PACITORS—Improved tubular-case sin- 
tered anode tantalum capacitors with 
complete ratings and performance char- 
acteristics are described in engineering 
Bulletin 3700B. These capacitors are 
indicated for use in all applications 
where the original shouldered cup-type 
designs were used. Sprague Electric 
Company. > 674 


SEALED RELAYS—Twenty-four page 
Catalog GEA-6628 offers up-to-date in- 
formation on hermetically-sealed relays 
for military and general-purpose indus- 
trial applications. Photographs, circuit 
diagrams. coil data, and specifications 
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Now it’s time to take a 


NEW LOOK 


at HERMETIC TERMINALS 


This Fusite two pin terminal opens new horizons of oppor- 
tunity for electrical products not now hermetically sealed. It is 
practical in a wide variety of sizes and combination of materials 
for production installation by several different methods. 


Features available 


Ye” OVER SURFACE PIN SPACING COPPER CORE STAINLESS PINS 

e 20 AMPS OR MORE STAINLESS STEEL BODY 

e QUICK POSITIVE CONNECTING CUSTOM ELECTRODE TREATMENTS 
PRODUCTION WELD OR SOLDER CUSTOM FLANGE TREATMENTS 


‘ . iB) — = 
Ky . | 
Oe SAY 4 | | r At 
> ‘ 
" } cn | t 


Open Fiattened Copper cored Hollow Tab for 
loop and pierced Straight wire Tube i friction clip 
i A A alk ae 


This rough drawing of the basic terminal 
has purposely been rendered in a sketch 
form as it indicates no specific model but 
is used as a device to show minimum di- 
mensions of this type terminal. 


€ l=|= 


Solder Solder | Solder | Solder Shielded arc | Resistance 
joint joint | joint | joint welded joint | welded joint 
a 


Ee ee — - — Ne NS Ee 


» TERMINALS ~ 
mm ~—s PROTECT PRODUCT & SITE — 
# PERFORMANCE | THE CORPORATION | 43 


fautl @ - 6000 FERNVIEW AVE., CINCINNATI 13, OHIO 


in Europe: FUSITE NV. —_—* 1s ome menes 
x Seer: 
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Looking 
for the right 
resistor? 


Call Speer for 
a complete line 


of 
fixed composition 
resistors, 
Phenolic coil 
forms 


ing. Actemation fae 
Br, 
New Py, eds 3 


For detailed information on specifica- 
tions, characteristics and applications 
ask for this catalog of Speer Elec- 
tronic Components! 


Automation an your concern? 
Be sure to send for Speer’s Bulletin 
on this subject. 


Other Speer Products 
for the Electronics Industry 
R. F. coils * chokes © fixed composition 
capacitors * Speer PAC made by Jeffers Electronics. 
* Also electronic tube anodes « 
contacts * rocket and missile parts * brushes « 
battery carbons ¢ graphite plates and rods and 
graphite products for the steel and chemical 
industries. 


SPEER RESISTOR DIVISION 
SPEER CARBON COMPANY 
Brodford, Pennsylvania 

O Send the Speer Resistor Catalog. 
OC Send Automation Soldering Bulletin. 








Company 





Address, 
City. Zone State 


eee ee ee 








r 
| 

| | 
| | 
| | 
| Name. | 
| Title | 
| 
| | 
| | 
t 4 
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Why do it 
Yourself ? 


it Pays to 
Standardize on 


Jeffers 
R.F: 


Choke Coils 


e You can save time, labor, ande 
e money by stocking the wide range e 
e of Jeffers R.F. choke coils just as @ 
e@ you do resistors, capacitors, and @ 
© other similar components. You can @ 
® forget tedious, expensive hand ® 
® assembly from miscellaneous ® 
® forms, wires, and coatings by using ® 
® standardized wry coils, com- : 
? pletely assembled for use. . 


e Jeffers coils are well made, using 
® insulated copper wire windings... © 
@ husky molded jackets. All windings ® 
® are soldered toleads...shorted end ® 
® turns are completely eliminated. 


. 
e Put these advantages to work in e 
e your circuits! Jeffers Electronics e 
e offers you . . . ready for delivery e 
@ ...a complete line of R.F. choke @ 
®@ coils with a complete range of @ 
® inductance values. Write today for ® 
® our specification sheets. © 


Other Jeffers Products 
fixed composition capacitors 
Other Speer Products 
for the Electronics Industry 
anodes * contacts * resistors 
discs * brushes * molded notched® coil forms @ 
battery carbon * graphite plates and rods @ 


*Patented @ 


JSEFFERS ELECTRONICS 


DIVISION 
SPEER CARBON COMPANY 
Du Bois, Pennsylvania 


Other Speer Divisions: 
Speer Resistor, Speer Carbon Products, 
International Graphite & Electrode 
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| for micro-miniature, subminiature. min- 
 Seame, and high-speed relays are in- 
| cluded. General Electric Co. > 675 
PLUG AND RECEPTACLE CONFIGURA- 
TION AND VOLTAGE CHARTS—To 
simplify identification. selection and 
ordering of correct types of plug caps 
and electrical receptacles for specific 
amperage and voltage requirements. 
company offers “Configuration and Volt- 
age Charts.” Diagrams the approved 
and standardized receptacle openings 
and plug blade 
different types of polarized. non-polar- 


ized and grounding devices for 2. 3 


arrangements of 28 


and 4-wire installations. Offered in 17 


x Zz 


in. wall size and 8!5 x 11 in. 
catalog page size. Arrow-Hart & Hege- 
man Electric Co. ->676 
ZINC FERRITE MATERIAL 
engineering Bulletin O-3-658 describes 
“O-3". Material 
is suited for transformer 


Two-page 


zinc ferrite material 
applications 
high 


power! 


high permeability. 


saturation and low loss 


due to its 
under 
handling conditions. A loss of less than 
100 mw 15 ke. 1600 gauss. 
is claimed for O-3. Includes curves and 


per cc at 


Ceramics 


>677 


property charts. General 


Corp. 


ACETATE ELECTRICAL TAPES 


page booklet intended to aid designers 


Four- 


in selecting acetate tapes lists physicai 
and electrical Scotch 
brand 
military specifications met by the tapes 
Other 


moisture 


properties of 


acetate tapes. as well = as 


sections deal with solvent and 


resistance. electrical purity. 
dielectric strength, film toughness and 
temperature data. Minnesota Mining 


and Manufacturing Co. >678 


TRANSISTORIZED ELECTRONIC CIR- 
CUITS—Brochure outlining transistor- 
ized electronic circuits provides some 
unusual as well as practical applica- 
tions of transistorized circuits for those 
| interested in electronics. Schematics 
| included on audio-power amplifier, bat- 
| tery charger, model power supply, toy 
electronic organ, model train control, 
geiger counter, and d-c to d-c converter 
| Semiconductor Division of Motorola, 
| Inc. >679 


WOUND ROTOR MOTORS—Bulletin 
GEA-6713 Tri-Clad 55 a-c 
wound rotor motors for either crane or 
general industrial applications. Avail- 
able from 5 through 150 hp with ad- 
justable varying speed. Cutaway view 
internal Ratings 
and dimensions shown. General Electric 
| Co. ->680 


describes 


shows construction. 


TWO-CHANNEL OSCILLOGRAPH 
PACKAGE—Four-page Catalog Sheet 
2521A describes the Mark II portable 
2-channel oscillograph package, com- 
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MOTORS — 


that give stamina to your products - 


A rugged high-torque, 
high-speed motor. 


Radar voltage regulator 
geor motor. 


Motor with efficient 
spur gear speed reducer. 


Lamb Electric fractional horsepower motors, like the small 

horses of the famed western-pioneer-day Pony Express, are 

developed for stamina. 

Their dependability, and efficiency (optimum weight-size- 

horsepower ratio) are qualities that result from proper design 

and careful manufacture by personnel with many years of ex- 

perience in the small motor field. 

May we demonstrate how Lamb Electric Motors can bring these 

advantages—and also perhaps lower costs—to your products? taster tee 
THE LAMB ELECTRIC COMPANY + KENT, OHIO ee 


A Division of American Machine and Metals, Inc. 
In Canada: Lamb Electric — Division of Sangamo Company Ltd. —Leaside, Ontario 


if you are interested 


° in any of the above 
motors write and we 
shall be glad to send 

G SPECIAL APPLICATION full information. 


FRACTIONAL HORSEPOWER MOTORS 
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MODEL 52 











MODEL 53 


MODEL 250 


fF 





Waa 
THE MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 
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plete with built-in amplifiers. Designed 
for applications normally considered 
impractical for direct writing recording 
of electrical and physical phenomena. 
Recorder needs no additional equip- 
ment for operation and features push- 
button selection of 4 chart speeds 
Brush Instruments, Div. of Clevite 
Corp. > 681 


PRINTED CIRCUIT ELECTROLYTIC CA- 
PACITORS—Bulletin 532 provides ful] 
description and diagrammatic sketches 
of aluminum can capacitors with ter- 
minal and mounting studs adaptable to 
virtually every printed circuit require- 
ment. Snap-in and long and short-pin 
types make insertion faster, simple and 
fool-proof. Cornell-Dubilier Electric 
Corp. > 682 


COILED ALUMINUM  SHEET—Illus- 
trated 16-page booklet on coiled alum- 
inum sheet includes advantages of alu- 
minum, alloy-temper designation, char- 
acteristics, typical mechanical proper- 
ties, chemical composition limits, tol- 
erances and mechanical property limits. 
Also covers the manufacturing capa- 
bilities of aluminum coiled _ sheet. 
Cochran Foil Corp., a subsidiary of 
The Anaconda Co. ->683 


HOOK-UP WIRE—Bulletin describes an 
extensive series of tests performed to 
illustrate advances of Flexolon hook- 
up wire over wires of other construc- 
tion. Various samples tested for flexi- 
bility, dielectric strength, concentricity 
and average length. Tests fully de- 
scribed and charts and graphs included 
Tensolite Insulated Wire Co., Inc. 684 


FOIL TANTALUM CAPACITORS—Two 
engineering bulletins cover improved 
foil-type tantalum electrolytic capaci 
tors which can withstand a 2000 hr 
life test, twice the previous standard 
for this product. A new type of end 
seal on these capacitors uses a TFE- 
fluorocarbon resin which is virtually 
leakproof. Bulletin 3601 describes 85 
C capacitors while 125 C capacitors 
are covered in Bulletin 3602. Sprague 
Electric Co. > 685 


INJECTION MOLDING AND EXTRU- 
SION OF POLYPROPYLENE—Fight-page 
technical bulletin No. 1 describes in- 
jection molding and_ extrusion of 
Moplen polypropylene. Presents tech- 
nical information on actual production 
runs with this polymer. Areas of mold- 
ability are graphically compared. Four 
pages devoted to table reviewing sug: 
gested remedies for some of difficulties 
encountered when molding or extruding 
Moplen. Chemore Corp. > 686 


VARIABLE SPEED DRIVE—A three-ele- 
ment Automator unit to provide d-c 
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The Reference Encyclopedia 
of Electrical Sheets 


The Electrical Steel Sheets Engi- 
neering Manual, published by United 


States Steel Corporation, has always 


from United States Steel rar imrrttc Bisce on ihe 


electrical designer’s reference shelf. 

The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 


If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 


A ee ee ee 
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s 
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2 a sam, 


USS is a registered trademark 


United States Stee! Corporation - Pittsburgh a 
Columbia-Geneva Steel - San Francisco 
Tennessee Coal & Iron - Fairfield, Alabama U n ited States Steel 
United States Steel Export Company 
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FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois 


Please send me your Bulletin 6.120 on the new Fansteel 
BLU-CAP TANTALUM Capacitor. 


Name 
ae 


Address 








This Coupon Will Bring You the 
Complete Facts About 


FANSTEEL’S NEW 


BLU-CAP’ 


* TRADEMARK 


FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Illinois 
C5810A 


RELIABLE TANTALUM CAPACITORS SINCE 1930 
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variable speed drive from an a-c net- 
work is shown in bulletin SB 183-558. 
A basic schematic illustrates principle 
of the Automator. Also shows flexibility 
possible with Automators—broad range 
of capacities, motor enclosures, control 
panels and auxiliary equipment avail- 
able for any automation requirement. 
Marathon Electric Mfg. Corp. 687 


FACT FILE ON CONTACT CEMENTS 

Contained in one convenient compact 
reference folder are comprehensive 
technical bulletins describing each type 
of Instant-Lok contact cement, its 
properties, recommended bonding tech- 
niques and handling. Data on the re- 
cently introduced non-flammable water- 
thinned Instant-Lok 4300 is also 
included. General review of contact 
cements discusses types of materials 
that can be bonded and methods for 
combining them, preparation of sur- 
faces, methods of applications. Struc- 
tural Products Diy., National Starch 


Products Ine. > 688 


FIBERGLAS SLEEVING AND TUBING 

Fiberglas sleeving and tubing selection 
guide for the electrical trade contains 
a selection factor chart: charts showing 
“Nema Standard Sizes” and “Identifi- 
cation of Grades and Summary of Per- 
formance Characteristics”; typical ap- 
plications; government — specification 
information; types of Fiberglas sleev- 
ings and tubings, including properties 
and applications; and NEMA defini- 
tions and classes. Textile Products Div.. 
Owens-Corning Fiberglas Corp. 689 


DUAL SWITCH TEMPERATURE CON- 
TROL—Technical data sheet describes 
Type B27A temperature control, a cali- 
brated, dual switch control for air, gas 
or hot plate applications. Included are 
applications, dimensional drawings, op- 
eration, calibration data, specifications. 
and mounting instructions. United Elec- 
tric Controls Co. >690 


EPOXY INSULATING RESINS—Six-page 
guide to selecting epoxy insulating 
resins lists physical and electrical pro- 
perties and other application data 
pertaining to Scotchcast brand electri- 
cal insulating epoxy resins. Application 
data chart lists all Scotchcast resins by 
number, contains data dealing with 
temperature classification, mixing ratio, 
pot life, cure cycle range, character- 
istics and applications. Minnesota 
Mining and Manufacturing Co. ~>691 


COIL WINDING FACILITIES—Illus- 
trated 20-page catalog covers various 
coil departments and facilities and in- 
cludes a handy 9-page reference section 
dealing with technical coil designing 
data. Information includes specification 


ELECTRICAL MANUFACTURING 








charts and tables covering copper mag- 
net wire, temperature ondbvaiies of FANSTEEL METALLURGICAL CORPORATION 

insulating materials, temperature con- North Chicago, Illinois 

version to deg C or deg F, current- Please send me the Bulletins checked below: 

carrying capacity of round magnet wire (0 Bulletin 6.100 ( Bulletin 6.111 
and other technical information. The PP type Tantalum Capacitors HP type Tantalum Capacitors 
Dano Electric Co. > 692 (CD Bulletin 6.113 ( Bulletin 6.112 

VP Type Tantalum Capacitors STA Capacitors 

SILICONE RUBBER-—Silicol rubbers 
covered in data bulletins C-4019-S, 
C-4020-S, and C-4021-S are recom- 


mended for general molding purposes 





such as for seals, gaskets and special 
shapes for industrial use, including ap- 
plications in aircraft and missile manu- 











facturing. Includes general description. 


applications, typical physical properties This Cou pon Wi il Bri ng You the 


and values and sizes available. Colonial 


Rubber Co. >693 Latest Bulletins On 


nmceary wits an can FANSTEEL’S 
Wires and cables for aircraft. missiles 


and rockets is the subject of 16-page 


publication No. 19-268. Contains a list- 2 2 V p H p a nd S T A 
ing of wires and cables which have ) ‘ eis > 


armed service qualification approvals, 


meeting or exceeding construction, test, 
and performance requirements of speci- 
——————+ 


fications as noted for each product. 





Cables include a wide range of types, 
with ratings from 75 to 3000 volts. EANSTEEL 
General Electric Co., Wire and Cable 
Dept. > 694 


A-C SHADED POLE MOTORS —A-C 


shaded pole motor Catalog U-1 de- VaUtacom capacitors 


scribes uni-directional non-geared mo- 
tors. Includes charts, diagrams and 








data on duty cycle, power sources, var- 
iations, braking. controls and explana- Sa 
tions. Five motor types discussed, in- - . 

PP Type for temperature range from VP Type for excessive vibration or 
—55° Cto +85° C. Bulletin 6.100 shock requirements. Bulletin 6.113 











cluding performance characteristics, 
ratings, construction, dimensions and 
applications. Barber-Colman Co. 695 





HIGH STRENGTH ALUMINA CERAMICS 

Short form Bulletin No. 858. “Space 
Age Ceramics,” gives production facili- 
ties and mechanical and electrical pro- 
perties of high alumina ceramics. In- 
cluded are mechanical and electrical 
properties of dense ceramics AD-85, 
AD-94, AD-96 and AD-99; and porous 
ceramic AP-100. Also includes a discus- 
sion of production and forming tech- 
niques, facilities for finishing ceramic HP Type for high temperatures to STA Type Solid Tantalum Capacitor, 
parts, and for high temperature metal- 125° C and for vibration-resistant voltage ranges up to 60 Volts 
izing and brazing. Coors Porcelain applications. Bulletin 6.111 (wvdc). Bulletin 6.112 
Company. > 696 








SILICON UNI-JUNCTION TRANSIS- 
TORS—Two brochures contain specifi- 
cation and application information on 
silicon uni-junction transistors. One 


brochure contains 6 pages of informa- FANSTEEL METALLURGICAL CORPORATION 


tion including specifications for the 6 . eas 

gt “eet North Chicago, Illinois 

types now available, applications char- 

acteristic curves, and 6 typical uni- 

junction circuits. The other brochure RELIABLE TANTALUM CAPACITORS SINCE 
contains a summary of uni-junction 
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“_..zero minus five seconds, 


minus four seconds ...”’ 


IN JUST FOUR SECONDS IT WILL 
BE T00 LATE FOR GUARANTEES 
OR REPLACEMENTS 


When the count-down reaches zero, 
thousands of missile components are 
called upon for one brief life-or- 
death function. At this vital point, 
the reliability built into.each, deter- 
mines the success or failure of the 
whole —the millions of dollars as 
well as of man-hours. There is no 
“recall” signal! 

This is the kind of reliability built 
into Fansteel Silicon Rectifiers. We 
call it a “reliability safety factor,” 
and there’s no secret nor magic 
about how we achieve it. We spend 
the time required for painstaking 
thoroughness. Instead of spot-check- 
ing, every rectifier is tested at each 
stage of production. And then each 
completed unit is given a final and 
thorough checkout. Atmosphere is 
controlled to a dew point of —100°C. 
No check, no test, no precaution is 
omitted; no standard is ever too high. 

Translated to a “user” viewpoint, 
this reliability safety factor means 
simply this: when you specify 
Fansteel Silicon Rectifiers, you need 
make no allowance for failure; you 
get 100 good rectifiers out of every NEW FANSTEELIN SERIES 
hundred! SILICON RECTIFIERS 


Write for Bulletin 6.302 ®@ Rated at 750 milliamperes, 


yet so small in size 


® Peak reverse voltage range 
50-600 volts 


® Reliable performance in 


temperatures up to 165° C. 


FANSTEEL METALLURGICAL CORPORATION Worth Chicago, iN), U.S.A 
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transistor circuits. ‘Twelve of the more 
basic circuit functions of the device are 
illustrated using a single basic circuit. 
General Electric Co., Semiconductor 
Dept. > 697 


HOLLOW GLASS MICROSPHERES 

Eight-page illustrated brochure entitled 
“Eccospheres” describes a hollow glass 
microsphere product which is used as 
a dielectric material in molding com- 
pounds, radomes, heat barriers, foams, 
casting resins and ceramics. Methods 
of manufacture and use are presented. 
Emerson & Cuming, Inc. > 698 


DIGITAL COUNTERS AND TIMERS 

Illustrated catalog sheet describes ap- 
plications, specifications, characteristics 
and general features of a new line of 
instruments which includes a counter- 
timer, a digital timer, a frequency 
counter, a JAN digital timer. and a 
single and dual preset counter. Erie 
Resistor Corp. >699 


HIGH-BETA SILICON TRANSISTOR 

High-beta silicon transistor described 
in Brochure TE-1353 offers minimum 
current gain of 80. The 2N543, 2N542 
and 2N541 operate at 45, 30 and 15 
volts and are for multi-stage amplifier 
applications. Includes specifications, 
characteristics and features. Transitron 
Electronic Corp. >700 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


ROLLER CHAINS—Comprehensive 154- 
page Book 2657 on precision steel 
roller chains and sprockets contains de- 
tailed engineering data illustrating rol- 
ler chain’s versatility in a wide range 
of applications. 

Written to serve as a practical text- 
book on the use of roller chain for both 
power transmission and conveyor serv- 
ice, the book contains typical installa- 
tion conditions, formulas, charts and 
diagrams to simplify selection of proper 
chains for any application. 

Precision steel roller chains and 
sprockets for power transmission serv- 
ice are presented in a 66-page section, 
with chain illustrations showing chains 
from 14-in. pitch to 3-in. pitch in 
actual size. Chains and attachments for 
conveying applications are listed in 
another 26-page section. A copy of 
Book 2657 can be obtained without 
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charge by writing to Link-Belt Co., 
Dept. PR, Prudential Plaza. Chicago 1. 
Il. 


TRANSISTOR MANUAL—The largest 
section of the third edition of the 
Transistor Manual, the 104-page appli- 
cations portion, contains information on 
how to build almost everything using 
transistors, from a simple radio or a 
stereophonic sound system to the de- 
tailed step-by-step design procedure for 
non-saturated flip-flop circuits. 

In addition, the manual describes 
basic semiconductor theory. various 
transistor construction methods used by 
industry, the meaning of transistor 
parameter symbols, and how to read a 
transistor specification sheet. 

Copies are priced at one dollar each 
and may be obtained by writing to the 
General Electric Co., Semiconductor 
Products Dept., Syracuse, N. Y. 


PHOTOSENSITIVE DEVICES AND 
CATHODE-RAY TUBES—Revised and 
expanded to 32 pages, Form No. CRPD- 
105A presents technical data, base 
diagrams and brief text descriptions 
of more than 130 tube types. Photo- 
graphs of representative types are 
shown throughout the publication. 

A copy of catalog CRPD-105A may 
be obtained for 30¢ by writing to Com- 
mercial Engineering, RCA, Harrison, 
5 ae 


STATIC CONTROL APPLICATION 
MANUAL—Static Control Application 
Manual GET-2909, a 152-page publi- 
cation with 197 illustrations, discusses 
what static control is and tells why, 
when and where it should be used for 
general-purpose industrial applications. 

Sections cover the logic concept; 
fundamental electrical and mechanical 
descriptions of static control; operation 
of general-purpose control components; 
circuit design; panel layout, including 
device arrangement, outlines, drilling 
plans and complete wiring diagrams; 
and system checkout procedures on 
tests, troubleshooting, repair and _ re- 
placement. 

Representative static control applica- 
tions are included, plus detailed order- 
ing information. Components are fully 
illustrated and a glossary lists all ap- 
propriate technical terms. 

Copies are available at a cost of $5.00 
from the General Electric Co., General- 
Purpose Control Dept., Schenectady 5, 
N. Y. 
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For Highest 
Dependability 


SELENIUM RECTIFIERS 


First in Preference, because of 
@ High Reliability 
@ Wide Range of Sizes, Ratings, Circuits 
@ Quick Delivery 
(Many stack sizes available from stock) 


Write for Bulletins 


FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Illinois, U.S.A. ESe6a 
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Editorial Reprints 





\s manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MaANuFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELECTRICAL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge 

The numerals shown in reprint list- 
ing correspond to the number shown on 
postcards incorporated in the Reader 
Inquiry Service Cards beginning on 


page 17. Readers should circle those 

numbers indicating the reprints desired 

If multiple quantities of these re- 

prints are desired, the rates to govern 

are indicated below. Remittances must 

accompany all orders. Larger quanti 
ties, special quotation. 
Cost of 

Single Subject Reprints 

Vo. of Number of pages 

Reprints 4-12 16-32 

1 Gratis Gratis 

5 $2.00 $3.75 

10 3.50 6.00 


25 7.50 12.50 





REPRINTS NOW AVAILABLE 


Electronic Materials and Components 
for Extreme Environmental Prob- 
lems, November 1958, 24 pages. A 
detailed critical review of the prob- 
lem areas and the state of the art 
of materials and components re- 
quired in the operation of electronic 
systems in supersonic aircraft and 
missiles, nuclear submarines, and 
other military equipment exposed 
to extreme environmental condi- 
tions. Ultrahigh temperatures (500 
C and higher) and nuclear radia- 
tion are the most important environ- 
ments discussed. Commercial com- 
ponents are evaluated, research and 
development contracts summarized. 


(719) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, 
November 1958, 5 pages. Normal 
magnetization curves, saturation in- 
duction, remanence and coercivity 
measurements at both increasing 
and decreasing temperatures in the 

60 to +-250C range for: Hipernik 
V, Hipernik, Deltamax, Mo-Permal- 
loy and Hymu 80. (721) 


Special Purpose Flexible Cord, No- 
vember 1958, 4 pages. Properties 
of flexible wire and cable materials 
are tabulated. Special cord designs 
for use in equipment required to op- 
perate in severe environments are 
described and _ illustrated. (735) 


The Space Environment—A Prelimin- 
ary Study, October 1958, 16 pages. 
Analysis of natural environments 
in space (above 75,000 ft) as they 
affect future equipment design. 
Anticipated values are presented 
for atmospheric composition, pres- 
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sure, solar radiation, ozone, dis- 
sociated gases, aurorae, ionized 
gases, solid particles, and_ the 
earth’s magnetic field. (710) 


Titanium—Its Properties and Design 
Potentials, October 1958, 12 pages. 
Current and potential structural and 
electronic uses for titanium and its 
alloys in component and equipment 
design are presented. Discussed are 
physical and electrical properties 
of standard and new alloys, with 
fabrication data supported by charts 
and graphs. (711) 


Treating Transfer Functions on Ana- 
log Computers, October 1958, 8 
pages. A description with examples 
of a method of applving the trans- 
fer function of a system to an ana 
log computer to determine the sys 
tem output. Applicable to systems 
initially at rest or those with input 
conditions, the method takes advan- 
tage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it 
to a mechanical schematic for the 
computer, (728) 


High Voltage Transistor Regulated 
Power Supplies, September 1958, 4 
pages. Design equations and circuit 
analysis for two regulator circuits. 
One uses germanium p-n-p tran- 
sistors and provides 200 volts d-c 
output at 500 ma, the other uses 
silicon n-p-n transistors for opera- 
tion to 85 C with regulated output 
adjustable from 110-130 volts d-c 
at 600 ma. (703) 


Silicon Power Rectifiers—A Survey, 
September 1958, 12 pages. A com- 
prehensive presentation of what is 


available today in the field of silicon 
power (1 amp and over) rectifiers 
and notes concerning their use in a 
wide variety of applications. A ma- 
jor portion of the article is tables 
giving detail ratings and character- 
istics of the units obtainable from 
sixteen manufacturers. Rating in- 
formation given includes current, 
PIV, temperature, forward voltage 
drop, max reverse current, max 
allowable surge, etc. (717) 


Magnetic Properties of Stainless 


Steels, September 1958, 5 pages. 
Practical tips on selecting a corro- 
sion-resistant steel with particular 
magnetic (or non-magnetic ) proper- 
ties for structural and magnetic 
applications. Effects of heat treat- 
ment and/or cold working on mag 
netic properties of martensitic, 
ferritic and austenitic alloys are 
reviewed. (725) 


Non-Linear Transistor Compensation 


in High-Gain Servo, Septembe1 
1958, 4 pages. Mechanical and elec- 
trical design features of a compact 
positioning servo for either thrust 
or rotary service are described. The 
use of diodes for temperature com 
pensation in the transistor amplifie1 
is outlined (739) 


Ferrites for High-Power R-F Tuning, 


August 1958, 12 pages. The re- 
sults of a program for evaluating 
commercially available ferrites for 
power tuning applications in the 
range from 2.5 to 30 megacvcles. 
Included are (1) magnetic per- 
meability and Q as a function of 
frequency, r-f flux and tempera- 
ture; (2) dielectric constant and Q, 
as a function of frequency and elec- 
tric field intensity; and (3) recom- 
mendations for specification data 
to be supplied by ferrite manufac- 
turers. (715) 


Electronic Standards for Industrial 


Equipment, August 1958, 8 pages. 
Internal standards for the electronic 
portions of machine control sys- 
tems, prepared by the Plant En- 
gineering Electronics Committee of 
General Motors Corp., are offered 
for general industry use in conjunc- 
tion with the JIC Standards for 
Industrial Equipment (see Reprint 
724). (722) 


Dynamic “In-System” Specifications 


for Control Components, August 
1958, 8 pages. The urgent reasons 
why the performance specifications 
for components to be used in con- 
trol systems should include their 
dynamic performance characteris- 
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No stoop, no squint, 
no painful nagging 


backache* 


SES 


SS 


eres 
>> 
=> 


Buy this Testmobile and tilt 
your ‘scope so you can read it! 


Obsoleting all previous concepts in one 
brilliant breakthrough, -hp- engineers 
have achieved the ultimate device—the 
revolutionary 115A Oscilloscope Testmo- 
bile. Employing the radical Supermarket 
Cart principle (first described 1906 by 
A. and P.) -hp- 115A actually tilts an os- 
cilloscope so you can read it, and lets you 
push it from place to place! Scope may be 
tilted up to 30° in 714° increments ; heavy 
chromed tube steel construction ; big, lock- 
ing, rubber-tired wheels; removable bot- 
tom basket; size 40” high x 23” wide x 
29” deep, folds for shipment or storage ; 
lightweight, only 28 lbs., $80. 


*with thanks to our friends at Philco and Anacin 


Still further probing the Unknown, -/p- 
engineers achieved the -hp- 116A Storage 
Unit and 117A Storage Drawers. The 
116A is a sophisticated cube known as a 
“box.” It holds up to 3 plug-in units for 
-hp- 150A/AR ’scopes ; prevents dust and 
elbows in the circuitry. Yours for $22.50. 
The 116A also holds up to three 117A 
drawers which in turn hold tools, solder, 
components and bubble gum. -hp- 117A, 
a modest $10. 


HEWLETT-PACKARD COMPANY 
4959M Page Mill Road « Palo Alto, California, U.S.A. 
Cable ‘‘HEWPACK'’ « DAvenport 5-4451 
Field engineers in all principal oreas 


Besides Testmobiles, 
-hp- makes 
oscilloscopes, too! 


-hp- 150A/AR - to 10 MC 


Automatic trigger, direct- 
reading; plug-ins providing 
dual trace or differential in- 
put; or high amplification. -hp- 
150AR (rack) $1,200. -hp- 
150A (cabinets) $1,100. 


SSE. 


-hp- 130B/BR - to 300 KC 


1 mv sensitivity, similar X/Y 
amplifiers, direct reading, au- 
tomatic trigger, X5 magnifier, 
balanced on 6 most sensitive 
ranges. -hp- 130B (cabinet) 
or 130BR (rack), $650. 


-hp- 120A/AR - to 200 KC 


Sweeps | p»sec/cm to 0.5 sec/ 
cm; X5 sweep magnifier, auto- 
matic trigger, high sensitivity 
calibrated vertical amplifiers, 
regulated power supplies. 
-hp- 120AR (rack mount, 7” 
high) or 120A (cabinet) $435. 


Data subject to change with- 
out notice. Prices f.o.b. factory 


over 300 instruments for measuring speed and accuracy 
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RADIO 
NOISE 
METERS 


MODELS 32A, 32B, 32D, 32F 


FERRIS: Manufacturers of Ra- 
dio Noise Meters since 1938, in- 
troduces a simplified instrument 
which is: 

1. All A.C., no batteries 

2. Easy to use, no charts 
3. Frequency 1,000 K.C. 
. Three time constants 


5. High Input impedance MODEL 32F 
. 1 to 100,000 microvolts 


. Complete, self contained 


FERRIS INSTRUMENT COMPANY 


110 Cornelia St., Boonton, N.J. 
Tel: De 4-0781 


Additional Details Write To 
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“he 
TIMER RELAY 


that handles all oon 


ENERGIZED 


problems ... 


% No false contacts 

% Non sticking 

¥% Practically "fail safe" 
%* Low cost timer 


Durakool 


STEEL MERCURY TIMERS 


This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5S to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either 
normally open or normally closed 
action. 
See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 


COIL 
DE-ENERGIZED 
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tics and define their in-system be- 
havior and requirements. Examples 
of system characteristics of several 
important types of components are 
included. (723) 


British Magnetic Amplifier Develop- 
ments, July 1958, 8 pages. An anal- 
ysis of basic magnetic-amplifier 
circuits and their practical applica- 
tions. Includes performance data as 
well as physical characteristics on 
such circuits as the Ramey hallf- 
wave amplifier, full-wave d-c powei 
supply, and a bridge  full-wave 
auto-self-excited amplifier. (732) 


The Molecular Key to Dielectric Prop- 
erties—a Capsule Physical Chem- 
istry for the Design Engineer, July 
1958, 20 pages. The basic physico 
chemical principles of gaseous, liq 
uid, and solid dielectrics explained 
and interpreted in terms of (1) 
their effect on properties of mate- 
rials, and (2) ultimate performance 
in operating equipment. (734) 


Mechanical Fasteners for Military 
Electronic Equipment, June 1958, 
16 pages. A comprehensive, fully- 
illustrated guide to the various 
mechanical fasteners that are ap- 
proved for use on military electronic 
equipment. Sources of supply, mili- 
tary references, application remarks 
and comparative assembly costs are 


included. (713) 


Combined Analog-Digital Control Sys- 
tems, June 1958, 9 pages. Practical 
sub-circuits for systems requiring 
both the “real-time” characteristics 
of analog computers and _ the 
computational ability of digital 
computers: analog-to-digital and 
digital-to-analog converters; hybrid 
multiplication circuits; sine-function 
generators; the “squaring bridge” 
and the servo divider. (716) 


Design by Test and Analysis Spurs 
Relay Progress, June 1958, 10 
pages. Summary and report on the 
Sixth Annual National Conference 
on Electromagnetic Relays, Okla- 
homa State University. Important 
papers presented relate the develop- 
ment of new relays, test methods 
and equipment. Further efforts by 
the NARM toward standardization 
are described. (718) 


Effects of Radiation Environment on 
Structural Metals, June 1958, 9 
pages. The mechanism and types of 
radiation damage are presented, to- 
gether with definitive charts, graphs 
and a glossary. Discussion includes 
metals able to withstand harmful 
effects of radiation without com- 
promising their original properties 


FELECTRICAL MANUFACTURING 
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where, how and why 


designers are utilizing 


more aluminum in 


ELECTRIC MOTORS 


Lightweight, easy to fabricate and ma- 
chine, better appearance, flexibility of 
design—these are just a few of the 
reasons why prominent designers and 
manufacturers, like the Emerson Elec- 
tric Manufacturing Company of St. 
Louis, Mo., are using more and more 
aluminum in electric motors. 


Here are several applications where 

and how aluminum is reducing costs: 
e Die cast aluminum rotors. Econom- 
ical to produce with integrally cast 
rotor bars, end rings and fan blades. 
Strong, lightweight, one-piece con- 
struction ... plus uniform conduc- 
tivity. 
e Cast aluminum end-shields. Lower 
cost, one-third less weight than com- 
parable cast-iron shields, improved 
product appearance. Reduced ma- 
chining costs. 


IMPROVING ELECTRICAL SYSTEMS 
FROM POWER SOURCE TO END USE... 
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e Aluminum extrusions can be used 
as the housing material to provide a 
lighter weight, more corrosion re- 
sistant motor. And, aluminum is in 
abundant supply—now, and will be 
in the future. 

Electrical equipment manufacturers 
are using aluminum in motors, trans- 
formers, generators, motor control cen- 
ters and metal clad switchgear, and 
many other types of electrical equip- 
ment to cut costs and improve per- 
formance—from power source to end 
use. Reynolds Engineering Service will 
assist you on your products or prob- 
lems. Call your local Reynolds office, 
or write Reynolds Metals Company, 
P.O. Box 2346-ED, Richmond 18, Va. 


The Finest Products 
Made with Aluminum 


are made with 


REYNOLDS G3 ALUMINUM 





relves on new 
Proto-Cireurts Division 


for printed wiring prototypes 


Dage Television needed printed wiring prototypes—in a hurry. 
The project: the 1st Airborne Transistorized MIL Qualified 
TV System, for automatic, fully stabilized control of Photo 
Reconnaissance Cameras. 

Dage’s choice: PROTO-CIRCUITS Division of PHOTOCIRCUITS. 


Only PHOTOCIRCUITS offers you such a complete, separate 
prototype facility. PROTO-CIRCUITS’ streamlined organization 
—from design through tooling —cuts paperwork and overhead to 
the bare minimum. You get fast service at low cost, whether you’re 
next door or across the country. 

You get better prototypes, because PROTO-CIRCUITS uses the 
same highly refined production techniques utilized by 
PHOTOCIRCUITS. 

The transition from prototype to production is a smooth one, 
free from awkward, costly mistakes and misunderstandings. 
PHOTOCIRCUITS’ unique and unequalled production capacity 
assures a steady, on-time flow of boards, regardless of quantity. 
Dage made the logical choice — based on high quality, low cost, 
fast service. For the same reasons, you too should contact 
PROTO-CIRCUITS for your prototype needs. Write or call 
Department 1135 for full information today. 


@ /iotocicuis 


GLEN COVE, NEW YORK 


CABLE 
PHOCIRCO 











PHONES | 
GLEN COVE 4-8000 FLUSHING 7-8100 
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and characteristics as specified in 
equipment design. Radiation effects 
studied include changes in electrical 
resistivity, flux, mechanical and 
general physical properties. (720) 


Structural and Electrical Applications 


of Aluminum in Europe, May 1958, 
12 pages. A survey evaluating and 
illustrating European engineering 
experience with aluminum in re- 
search, development and manufac- 
turing of electrically energized 
equipment. The article includes 
specific case histories, advantages 
and disadvantages of British, 
French and German experiences 
with aluminum and its alloys. Ma- 
terial is based on papers presented 
at a symposium sponsored by the 
British Aluminium Development As- 
sociation in London during May, 


1957. (726) 


Basic Statistics for the Design En- 


gineer, May 1958, 20 pages. An in- 
troduction to the basic mathematics 
required for logical design of ex- 
periments and analysis of data, 
quality control, operations research, 
and life testing programs. Examples 
are discussed, illustrating some 
practical applications in equipment 
design. (736) 


Selenium Rectifier Selection and Cir- 


cuit Design, April 1958, 12 pages. A 
guide to selection and circuit ap- 
plication factors for selenium recti- 
fiers, derived from basic circuit 
analysis, for single-phase halfwave 
and bridge arrangements. (731) 


Crossbar Switch Applications, April 


1958, 12 pages. Circuit details ot 
the application of these compact 
three-dimensional contact arrays 
for: 3-coordinate single-point selec- 
tion; stepping-switch scanner con 
trol; digital-to-analog conversion; 
analog-to-digital conversion; mul- 
tiple indexing and switching func- 
tions. (730) 


Ferroelectrics as Solid-State Devices, 


March 1958, 12 pages. Summary of 
types, properties, mechanisms and 
applications of nonlinear dielectrics 
as: capacitors, transducers, resonant 
and nonresonant amplifiers, ferro- 
electroresonant switches, memory 
devices. (714) 


International Standards for Motor 


Dimensions Set for Final Approval, 
March 1958, 8 pages. Final pro- 
posed I.E.C. motor dimensional 
standards for interchangeability be- 
tween metric and inch systems are 
presented. Problems and compro- 
mises necessary in achieving this 
are described. (708) 


(Continued on page 300) 
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Count on ’ for this 
2-way saving in bit costs 


POWER BIT 


You get 4 HY-PRO PHILLIPS Insert Bits eoogmpeed 


) . ; and sizes to fit 
j { ( s 
f HY-PRO PHILLIPS Insert Bits cost all driving tools 


| 
I only about one-fourth as much as solid 
| ki Ip bits, and there is no extra expense for 
re-sharpening. When a HY-PRO bit 
for a oo of 1 wears out, you simply replace it with 


a new bit . . . and restore full driving 


| ee: <> efficiency at negligible cost. 


conventional bit 








HY-PRO PHILLIPS Insert Bits are FORGED 


Tested and proved to 


outlast other bits High strength forged HY-PRO Bits 


are production tested and proved to 


2 tol have an average service life double 


that of the best comparable bits. Many 
: users report even greater margins of 

extra life for HY-PRO bits, often as 
high as 4 to 1. : 


Bost compuubla’ bt HY-PRO Phillips Blt 
Each bit drove the same number of screws 


Make your own tests— Compare bit life on your tough- 

est driving jobs. Figure all costs. Continental Assembly Special- oO 

See ah NE nly CONTINENTAL 
ists will cooperate fully in conducting tests. You'll find HY-PRO y 

Insert Bits and Holders your best buy for lasting bit economy. makes BOTH 


Precision control with the same Phillips master tools assures PHILLIPS SCREWS 
uniformly accurate fit of HY-PRO Phillips Bits and HOLTITE 
cata. Sagsiy oeeor sie and PHILLIPS BITS 


Phillips Screw recesses. Use this proved combination for the top 
efficiency you need in assembly — especially with power and 
automatic driving equipment — to avoid downtime, rejects, and 

MEMBER 


weak fastenings. For full information, write: Continental Screw SCREW 


RESEARCH 


Co., 455 Mt. Pleasant St., New Bedford, Mass. seta ail 


Oi a. aN 
< y ? 


a 


HOLTITE PHILLIPS 


fF WOOD * MACHINE * TAPPING 


THREAD FORMING * 
SCREW COMPANY, NEW BEDFORD, MASS. a+ wnee 


HOLTITE FASTENERS =A INSERT BITS AND HOLDERS 


HY-PRO TOOL COMPANY... Division 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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Evaluation and Applications for Fiber- 
Insulated Magnet Wire, February 
1958, 12 pages. Characteristics and 
application areas of various types of 
fiber-insulated, film-insulated and 
composite-type magnet wire. Com- 
mercial identifications given. Stand- 
ards are listed. Comparative ad- 
vantages and disadvantages of 
various types are discussed. Among 
insulating materials analyzed are 
newer materials such as glass fiber, 
Dacron polyester yarn, Nylon yarn, 
Mylar polyester film and Quinterra 
asbestos paper. (707) 


Designing Minimum Weight Mag- 
netic Cores, February 1958, 8 
pages. A_ straightforward proce- 
dure for minimizing the combined 
weight of core, case and coil for a 
given volt-second capacity—can be 
extended to include weight minim- 
ization of power supply and other 
related components. Three exam- 
ples given. (706) 


The Anatomy of Automation, January 
and February 1958, 20 pages. The 
broad general area of “automation” 
is classified into four major sections: 
basic elements; manufacturing (ap- 
plied energy); control (applied in- 
formation); mechanized mental 
operations (applied intelligence). 
Definitions, examples and discus- 
sions of 117 key automation terms 
are organized into 18 sub-classifica- 
tions. (727) 


Design Advances from Magnetism Re- 
search, January 1958, 16 pages. 
Commercial significance and design 
promise of new developments in: 

Integrated into the main cooling system of Republic’s F-105B supersonic soft magnetic alloys, particularly 

fighter-bomber, this high-powered lightweight blower automatically cools cube-oriented silicon-iron for power 

vital electronic gear when the aircraft is on the ground and at low altitudes. equipment; permanent magnets, in- 

A specially designed flapper valve, much like that which regulates blood flow cluding design techniques for cur- 

in human veins, restricts air flow in the reverse direction at high altitudes to sant ane qnon-conting ‘now smanedt- 


: rage : ‘ ; : als; thin magnetic films and other 
° ‘ ‘ Jest ‘ 
onserve the aircraft’s air supply. Write for full engineering data on this and promising candidates for computer 
other IMC blowers. 


memory devices; ferrites, garnets 
INPUT: : and the revolution in microwave 
200v., 400 CPS, techniques and magneto-optics—as 
3 phase, 1100 disclosed at the 1957 AIEE Con- 
watts ference on Magnetism. (704) 


RPM: 21,500 
FLAPPER VALVE: 


A 7-pound blower that delivers 180 cfm at 12 inches of static pressure! . . . 
that’s IMC’s new unitized vaneaxial blower. 


~ 
nn 


Design and Application of Hysteresis 
Clutches, December 1957, 16 pages. 

1 CFM leakage Advantages of hysteresis clutches 
max. at 10 psig for control and instrument purposes 
_ a he oe are evaluated, and important cir- 


reverse pressure , ; 

me cra elias crm cuits analyzed. Complete details of 
TURES A COMPLETE LINE OF “‘PRECISIONEERED"’ FRACTIONAL AND SUB-FRACTIONAL MOTORS: SERVO MOTOR SIZES electrical and magnet desi 

8 TO 18; DRAGCUP AND TAbH GENERATORS; DC MOTORS AND DYNAMOTORS; AXIAL, VANEAXIAL, AND CENTRIFUGAL BLOWERS; eciet aiekiinns « = ted. nee . 

HYSTERESIS AND TORQUE MOTORS; SYNCHROS AND SOLENOIDS. need ~<a night. -rrecapsggtonbe onal 

ing altitude operation considera- 


INDUCTION MOTORS CORP. tions. # or 
New Procedures for Designing Linear 


570 Main St., Westbury, L. I., N. Y., Phone: EDgewood 4-7070 and Swinging Chokes, December 
6058 Walker Avenue, Maywood, California 1957, 8 pages. A simple widely 


STATIC PRESSURE (IN. H,0) 
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One 
Pallet of Quality 
-Coming Up! 


_ 
= 

ii | 
We eee 
a 

| 




















Whatever packaging you choose for the 
Roebling Magnet Wire you buy, you are 
certain the wire is of unsurpassed quality! 
Modern manufacturing methods.. 
ingredients . 


. quality 
.. Wire-making skill based on 
decades of experience... exacting testing 
and inspection—all these factors combine 
to assure this one high standard. Yet quality 
Roebling Magnet Wire costs no more than 
others! 


Roebling Magnet Wire comes in types 

















and sizes exactly suited to your 

applications... and packaged to 
muwS give you utmost flexibility, eff- 
“emo ciency, economy. Write Electrical 
Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey, for all 
the facts. 


a Ny 


ROE BLING 


Branch Offices in Principal Cities 


a 


Subsidiory of The Colorado Fuel ond Iron Corporation 





KLEIN PLIERS 


-'make wiring faster 
...easier 


301-6-SCP 


* 208-6C 


Many Klein Pliers are 
available with a coil spring to 
keep jaws in open position. 
Spring is guaranteed for the life 
of the plier. 


Klein Pliers may be ordered with dipped-on plastic-coated handles. 


*PAT. APPLIED FOR 


There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 


free copy of the new 


Klein Pocket Tool Guide. 


ASK YOUR SUPPLIER 
Foreign Distributor: International Standard Electric Corp., New York 


Mathias es 4s) & Sons 


regen McCORMICK ROAD 


CHICAGO 45, ILLINOIS 
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usable procedure to save time in 
the design of linear and swinging 
chokes is described and illustrated 
with specific examples. Complete 
design data and curves, verified by 
use in a design organization, are 


given. (702) 


JIC Electrical Standards for Industrial 
Equipment, June 1957, 24 pages. 
Revised specifications for the appli- 
cation of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint In- 
dustry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 
5-$3.75; 10—$6.00; 25—$12.50; 
50—$20.00; 100—$30.00. Send 
check with order payable to The 
Gage Publishing Company, 1250 
Sixth Ave., New York 20, N. Y. 

(724) 





Multiple Reprints 
Now Available 





Multiple Reprints 
pendiums into which are combined 


reprints or com- 


several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: ELEc- 
TRICAI MANUFACTURING, 1250 


Sixth Avenue, New York 20, N. Y. 


Engineering Applications of Boolean 
Algebra, 68 pages. 
to the 
switching circuits and logic sys- 
tems—both combinational and_ se- 
quential—in any medium: mechani- 
cal, electrical, hydraulic, electronic 
or solid state. Includes five pre- 
viously published articles plus a 
never-before-published appendix. 


A design guide 
analysis and synthesis of 


e Language and Laws of Boolean 
Algebra 

e Analyzing Combinational Cir- 
cuits by Boolean Matrices and 
Karnaugh Maps 
Analyzing Specifications and De- 
signing Circuits 
Circuit Design Using Boolean 
Matrices and System Synthesis 
Using State Coding 
Designing Sequential Circuits 


plus (available only in this combined 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


Moisture-stable insulation 


International Business Machines Corporation 


Iinsulation-pius 


A good example of what can be done 
with Durez 16694 diallyl phthalate is this 
plastic-and-metal commutator for an elec- 
tronic card sorter. 

The commutator acts as a cam contact 
to establish the timing of impulses which 
energize a sort magnet. It incorporates a 
metallic hub, brass plate, copper ring, and 
12 terminal inserts. 

The molding material that holds these 
parts in place must: 

. Resist arcing. 

. Pass a 1000-volt dielectric breakdown 
test in high-temperature, high-humidity 
conditions. 

. Retain high dimensional stability at 90° 

C. and 90% relative humidity. 

4. Possess wear characteristics that lead to 
maximum commutator and brush life. 
Durez 16694 meets these requirements, 

and also provides critical dimensional ac- 

curacy between the terminals and brass 
plate. 

Its ability to do so suggests that you 
consider it for similar electrical jobs. It’s 
the only type of plastic that retains high in- 
sulation values over extended periods at 
relative humidities above 90%. Its arc 
resistance, as measured by ASTM D495 
(Method A or B) can be consistently re- 
produced. It does not corrode metal con- 
tact points, and is virtually free from cold 
flow and creep. 

For a data sheet detailing properties of 
Durez 16694 and of molded material, 
check the coupon. 


Tested at 1% times their rated voltage 
and 125°C ambient temperature, these 
silvered mica capacitors outdistance all 
the usual standards by lasting more than 
18,000 hours. 

To pack this much performance into 
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Phenolics for dip coating 


Electric motor shortcut 


a space roughly the size of one kernel 
of corn—and do it consistently—requires 
some pretty special material properties. 

The manufacturer gets some of them 
with Durez phenolic resins as ingredients 
of the compound that seals these capaci- 
tors against heat and moisture. 

First, any coating will affect insulation 
resistance and Q factor of a capacitor. 
Durez research men worked with the 
manufacturer's engineers to come up with 
resins that preserve these properties 
through a wide range of temperatures bet- 
ter than anything else tested. 


i 
' 
1 


4 


The Electro Motive Mfg. Co., Inc. 


Second, the tough heat-resistant coating 
doesn’t melt or peel back when a capacitor 
is soldered in place, and it’s hard enough 
to permit stamping or color coding. 

Third, kernels of corn don’t begin to 
compare with these capacitors in wuni- 
formity. Part of the reason for this is the 
extremely tight batch-to-batch control con- 
ditions under which the resins are pro- 
duced at Durez. 

Are you working on an electronic coat- 
ing problem? Perhaps we can help. We'd 
like to put 35 years of resin experience to 
work for you. To get more information 
on Durez phenolic compounds for dip 
coating, check the coupon. 


’ susteiiaeetneetienetienstianstionestiantionstenstiemtenstenstensteniendtentantantentantemntantentan teat te teeta 


| For more information on Durez materials mentioned above, check here: 
Durez 16694, diallyl phthalate 


| 

| ; 
| Clip and mail to us with your name, title, company address. (When requesting 
| samples, please use business letterhead.) 
L. 


(] High-impact Durez 16771 
Phenolic resin compounds for dip coating 


se, 


Cost cutter 


Looking for a lower-cost way to make an 
electric motor or generator? A commu- 
tator ring like this could be your answer. 

Notice how snugly the metal contact 
rings fit the tough plastic base? It’s almost 
impossible to pry them loose. Dirt or 
moisture can’t get underneath to cause 
arcing, because the rings are molded in 
one solid component—not assembled. 

You don’t have to machine these com- 
mutator rings, either. They fit standard- 
size tubing—and fit it tightly so there’s no 
vibration or motor noise. 

These rugged rings are molded of 
Durez 16771, a high-impact glass-fiber- 
reinforced phenolic. This material has a 
heat distortion point of 600°F. Its dielec- 
tric strength, as measured by ASTM D149 
(48 hours, 50% R.H., 23°C) is 400 v/mil 
short time, 300 v/mil step by step. 

If you see an opportunity in these rings, 
write to the molder, Norco Plastics, Inc., 
3888 North Fratney St., Milwaukee 12, 
Wisconsin. For data on the Durez com- 
pound with which they are made, just 
check the coupon. 


~ 
! 
! 
! 
| 
| 
| 
- 


CHEMICALS 
PLASTICS 


PLASTICS DIVISION 


HOOKER CHEMICAL CORPORATION 


1311 Walck Road, North Tonawanda, N. Y. 
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NM ce.300 


eectric COUNTER 


Improved and dust tight enclosed version of the 
PIC Wizard Electric Counter — unchallenged 
leader in operating reliability and long count 
life for more than thirty years. 


Accurate Counting 
at Low Cost 


200 million Count Life—sustained accu- 
racy and lowest cost per 100 million counts. 


DC Operating Reliability from AC— 
through built-in rectification. 


Tested at 1000 CPM-—speeds to 1600 
CPM with suitable actuation. 


Only 5 watts input—operates from plate 
of electronic tubes. 


Balanced armatures—reduce effect of 
vibration on air borne equipment. 


Dust tight enclosure—die cast aluminum 
with gasket seal. 


Enclosed wiring compartment—for 
wiring without breaking dust tight seal. 


Six-digits; enclosed and panelmount 
models; knob or key reset; all standard 
frequencies and DC: standard voltages 
to 230. 


See your Sud 


PIC RATED 
Distributor Stroke Counters. 
or send Revolution Counters 


for EI 
ectric Count 
Catalog. and Actuate i 


: Coil Winding Counters. 
Utomatic Batch Counters 


Vodidin Yuttumenit 


DIVISION OF GENERAL CONTROLS CO. 
8074 McCormick Blvd., Skokie, Ill. 


4? Branch Offices and Representatives 
serving USA and Canada 
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reprint) 

e flectronic Sequential Circuits 
e Tabular Reduction Techniques 
e Selected Bibliography 


Written by Boris Beizer, Airborne 
Instruments Laboratory, and Ste- 
phen W. Leibholz, Republic Avia- 
tion Corporation. $2.00 


Five-Year Annotated Editorial Index 


to Electrical Manufacturing, 60 
pages. A short-cut to research for 
design engineers. Book lists, by 
functional subject classification and 
with succinct annotations, every 
feature article and major “Design 
Trends” short article published in 
ELECTRICAL MANUFACTURING dur- 
ing the 5-year period 1951-1955. 


$1.50 


Slide Rule Mathematics, 20 pages, 


plus 4 practice slide rules printed 
on a separate sheet of heavy stock 
for easy cut-out. A practical guide 
to the understanding of the slide 
rule and its application to engi- 
neering problems, this combined 
reprint of a 2-part article traces 
the logical development of the 
slide rule’s fundamentals and com- 
plete concise instructions for its 
use. Over 50 two-color illustrated 
examples of step-by-step slide rule 
settings are given. Major topics 
include: 


e The Basic Slide Rule 
e Variations on Basic C-D Opera- 
tion 
Trigonometry 
The Log-Log Scales 
Vector Diagrams 
Hyperbolic Functions 
Phasor Calculations 
The Circular Slide Rule 


Written by Ira Ritow, engineer- 
teacher-author, whose previously 
published work in ELEcTRICAL 
MANUFACTURING includes “Capsule 
Calculus” and the 5-part series 
“Fundamentals of Servomechanism 
Design.” $1.00 


Human Engineering in Equipment 


Design, 94 pages. Ten previously 
published articles dealing with the 
theory, techniques and practice of 
human engineering written for the 
special needs of the designer of 
electrically energized machines, 
equipment, appliances and instru- 
ments. Relationship between human 
engineering and broad aspects of 
reliability and maintenance are dis- 
cussed. Certain articles emphasize 
design case histories and analyses of 
specific design parameters, includ- 
ing problems in military equipment, 
control systems, data processing 


systems, special-purpose instrumen- 
tations and training devices. Meth- 
ods for setting up human engineer- 
ing groups within an engineering 
organization are given. $2.50 


Casting Resins and Application Tech- 
niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and com- 
ponents. Individual articles cover: 
Property data on casting resins; 
Evaluation tests on resin systems; 
Results of environmental tests on 
embedded units; Process control 
problems. Annotated bibliography 
of articles is included. $2.00 


Multiple Reprints 

at Quantity Prices 
Since handling expenses are a signif- 
icant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 

lowing prices per copy apply: 
Quantity 
Title 5 5 
Slide Rule Mathematics 20 °° 5 
Casting Resins 75 1.50 
Human Engineering .25 2.00 
Boolean Algebra : 1.60 
Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. (N.Y.C. 
orders should include 3% City Sales 

Tax.) 





A SHORT-CUT TO 
RESEARCH 


@ Hundreds of design and research 
engineers have provided themselves with 
personal file copies of the 


ELECTRICAL 
MANUFACTURING 
5-YEAR ANNOTATED 
EDITORIAL INDEX 


The 60-page book lists by functional 
subject classification—-with succinct an- 
notations—-every feature article and 
major “Design Trends” short article 
published in Electrical Manufacturing 
during the 5-year period, 1951-19F5. A 
companion booklet lists all 1956 articles 


The cumulative annotations provide 
valuable time-saving reference source, 
both to recent and earlier literature. 
The indexed articles deal authoritatively 
with all types of materials, components, 
systems and techniques which have spe- 
cial application in the engineering de- 
sign and development of electrically 
operated products ; 


The Index is printed on white coated 
paper and is wire-stitched to handy file 
size, 8144” x 11”. 


Per copy price is $1.50 on orders ac- 
companied by remittance (add 3 per cent 
sales tax for New York City delivery). 
Please make remittance payable to The 
Gage Publishing Company, 1250 Sixth 
Avenue, New York 20, N. Y. 
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WESTINGHOUSE TAKES A GIANT STEP 
IN SILICON POWER TRANSISTORS 


Through major improvements in silicon purification and transistor fabrication, Westinghouse has 
broken down the previous limitations of Silicon Power Transistors. The result is a new series of 
Westinghouse Power Transistors which can operate at high efficiencies in the “true power range.” 


CURRENT 


RATING Voe (Vep=0) Rs 








LIFE-SIZE DRAWING 
shows how 
Westinghouse Silicon 


WX1015 2 AMPERES 30-300V 0.5 OHMS TYPICAL 


WX1016 5 AMPERES 30-300V 0.4 OHMS TYPICAL 
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Power Transistor is 
designed for 
attachment to heat 
sink with a screw 
stud. All leads are 
in the base. 


These are the first members of an entirely new family of 
Westinghouse Silicon Power Transistors, which have 
the advantages associated with silicon (high voltages 
and high operating temperature) without the disadvan- 
tages (high losses). As you can see from the chart below, 
these units possess exceptionally low saturation resist- 
ance—less than one half ohm. This low saturation 
resistance results in low internal dissipation. Coupled 
with high power handling capacity, it makes possible 
silicon transistors which can efficiently handle 1000 or 
1500 watts. For example, as a DC switch, handling 
1.5 kw (300 volts at 5 amperes) the internal dissipation 
of the units is about 12.5 watts with a resulting efficiency 
of better than 99%. 

Like other silicon devices, these transistors can 
operate in ambient temperatures up to and exceeding 
150°C while germanium units are limited to 85°C. Thus, 
where the higher power rating is not required these units 
may be used for their high temperature capabilities. It 
also follows that wherever germanium power units are 
presently employed, a switch to silicon transistors will 
result in higher reliability of operation, because of the 
greater margin of safety with respect to operating 
temperature. 

There are a great many circuits for which this new 
type of silicon power transistor is made to order. It will 


you CAN BE SURE...1F ITS 


Westinghouse 


Thermal resistance —Junction to case, 0.7°C/watt typical. Current ratings 
based on the current at which current gain is equal to or greater than 10. It is 
possible to switch higher collector currents with some sacrifice in gain. 


find use in inverters or converters (AC to AC, AC to 
DC, DC to AC, DC to DO), to control frequencies for 
data processing, servo output, and other aircraft in- 
formation applications. It will serve as a low frequency 
switch, as mentioned above; it will operate efficiently 
with low power supply voltages; and it will find a 
number of uses in class A amplifiers. There are also 
many additional applications—too numerous to list here. 

These Westinghouse Silicon Power Transistors are 
available in sample quantities for your testing and imme- 
diate application. Call your Westinghouse representa- 
tive or write directly to Westinghouse Electric Cor- 
poration, Semiconductor Dept., Youngwood, Penna. 
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LOW SATURATION RESISTANCE is exhibited in this graph 
showing values for a typical Westinghouse Silicon Power 
Transistor driven to 5 amperes. The values are fractions of 
those observed in other silicon transistors. 
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Association Activities 





ISA Elects Officers for 1958-1959 


The Instrument Society of America, 
meeting recently in Philadelphia for 
the 13th Annual Instrument-Automa- 
tion Conference and Exhibit, elected 
their top officers for 1958-1959. 

Assuming the presidency is instru- 
mentation expert Henry C. Frost, as- 
sistant chief engineer of Corn Prod- 
ucts Refining Co., Chicago. Mr. Frost 
is a graduate of the University of 
Toledo and has been engaged in in- 
strument engineering for years. 

John Johnston, Jr., supervisor of E. 
I. du Pont de Nemours’ Engineering 
Service Division’s consultation group 
responsible for instrumentation sys- 
tem development, is the new president- 
elect-secretary. Mr. Johnston is the au- 
thor of many papers on instrumenta- 
tion subjects and is noted for his work 
in the field of petroleum process in- 
strumentation. 


IRE Announces 1959 Awards 

E. Leon Chaffee, former director of 
the Cruft Laboratory, Harvard Univer- 
sity, was among those named to re- 
ceive a 1959 award from the IRE. 
He is to receive the IRE Medal of 
Honor, the highest technical award in 
the radio-electronics field, for his “‘out- 
standing research contributions and his 
dedication to training for leadership 
in radio engineering.” 

The Morris Liebmann Memorial 
Prize will go jointly to Charles H. 
Townes, professor of physics, Columbia 
University; and Nicolaas Bloemberg- 
en, Gordon McKay professor of ap- 
plied physics, Harvard University. Jack 
W. Herbstreit, Chief of the Tropo- 
spheric Propagation Research Section, 
National Bureau of Standards, was 
named to receive the Harry Diamond 
Memorial Award. The Vladimir K. 
Zworykin Television Prize will go to 
Paul Weimer, group leader of pickup 
tube research, RCA Laboratories. 

The awards will be presented at 
the 1959 IRE National Convention 
banquet next March in New York City. 


Institute of Printed Circuits 
Publishes Book 


According to the Institute of Printed 
Circuits, a new industry trade asso- 
ciation representing manufacturers of 
printed circuit boards, there are cur- 
rently about 150 manufacturers listed 
as producers of printed circuits. The 
IPC reports that a nucleus of 25 to 
30 experienced and qualified manu- 
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facturers are producing 90 per cent of 
the total noncaptive volume of busi- 
ness. 

Printed circuit manufacturers who 
are members of the IPC will be listed 
in the new IPC book “How to Design 
and Specify Printed Circuits,” which 
will soon be available from the In- 
stitute of Printed Circuits, 27 East 
Monroe, Chicago 3, Ill. Price will be 
$5.00. 


ASTM Special Technical Publication 
ASTM recently published its 1956 
Supplement to the Bibliography and 
Abstracts on Electrical Contacts. It 
was prepared by ASTM Committee 
B-4 on Metallic Materials for Elec- 
trical Heating, Electrical Resistance, 
and Electrical Contacts and includes 
165 references, bringing the total refer- 
ences for the basic publication and its 
supplements to 2447. In addition, there 
are 13 references picked up for the pe- 
riod 1948 to 1954. 

Most references include abstracts of 
the article. The value of the booklet is 
increased by a subject and author in- 
dex and a list of the publications ref- 
erenced in the bibliography. Copies of 
the 1956 Supplement, STP 56-K, may 
be purchased from the American So- 
ciety for testing Materials, 1916 Race, 
Philadelphia 3, Pa., at $1.75 a copy. 


1959 Western Joint Computer 
Conference 


The 1959 Western Joint Computer Con- 
ference has been set for next March 
3-5 in San Francisco. Headquarters and 
meeting place will be the Fairmont 
Hotel. Joint sponsors of the conference 
are the IRE, AIEE and the Association 
for Computing Machinery. 

The theme set for the program is 
“New Horizons with Computer Tech- 
nology.” Correspondence concerning 
the conference is to be addressed to 
Box 381, Station A, Palo Alto, Calif. 


ASHAE-ASRE Merger 


The Councils of the American Society 
of Heating and Air-Conditioning En- 
gineers and The American Society of 
Refrigerating Engineers have  an- 
nounced in a joint statement that they 
have approved in principle a method 
of merging the two Societies. The 
ASRE members in attendance at their 
54th Annual Meeting authorized sub- 
mission of this proposal for balloting 
by the ASRE membership. 

FE. R. Queer, ASHAE President, and 


Cecil Boling, ASRE President, have 
announced that full particulars of the 
merger plan will be mailed to the 
members of both Societies by Septem- 
ber, the merger proposal and proxy 
ballots by late October. Ballots will be 
taken in person or by proxy at the 45th 
Semi-Annual Meeting of ASRE in New 
Orleans, La. on December 1, 1958 and 
at a Special Meeting of the ASHAE 
membership on December 1, 1958. 


L. F. Hickernell Elected AIEE President 


L. F. Hickernell has been elected as 
1958-59 president of the AIEE. Mr. 
Hickernell, who is vice-president of en- 
gineering for Anaconda Wire and Cable 
Co., Hastings-on-Hudson, N.Y., has been 
active in the Institute for many years, 
and is now completing a term as 
treasurer. 

A native of Middletown, Pa., Mr. 
Hickernell received a bachelor’s degree 
in mathematics-physics from Massachu- 
setts Institute of Technology in 1922 
and a bachelor’s degree in mathematics 
from Grinnell College. He has been 
with Anaconda since 1931, following 
engineering work with Iowa Light, 
Heat and Power Co., the General Elec- 
tric Co., Consumers Power Co., Com- 
monwealth Power Corp., Stevens & 
Wood, Inc., and Allied Engineers, Inc., 
Jackson, Mich. 


Vice Admiral Hussey Elected Vice Presi- 
dent of International Organization for 
Standardization 

Vice Admiral George F. Hussey, Jr., 
USN (Ret), managing director of the 
American Standards Association, was 
elected vice president of the Interna- 
tional Organization for Standardization 
at the 1958 triennial meeting of the 
international standards body in Har- 
rogate, England. Professor Edward 
Wegelius, president of the Finnish 
Standards Association, was elected 
president. 

Admiral Hussey is a past president 
of the American Ordnance Association 
and the U.S. Naval Academy Alumni 
Association. 


SPI Reinforced Plastics Division to Hold 
14th Annual Conference 


The Reinforced Plastics Div. of The 
Society of the Plastics Industry, Inc., 
will hold its 14th Annual Technical 
and Management Conference on Febru- 
ary 3, 4 and 5, 1959, at the Edgewater 
Beach Hotel in Chicago. The conference 
and industry exhibit are open to non- 
members as well as members of SPI. 

Talks will stress new developments 
in raw materials, in processing, in the 
joining of reinforced plastics and in 
such major end-use fields as aircraft 
and missiles, commercial and military 
transportation. 
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wherever 

the power supply 
must be 
grounded... 


it’s grounded best with Circle F’s 

SNAP-IN U-GROUND CONVENIENCE OUTLET— 

listed both by UL and csa. Specified for use on 
ranges, “power blocks,” and many other applications, 
it has an all-bakelite body, double wiping contacts, 

a 15 Amp.-125 Volt rating and is available 

in grey, brown, black, and white. When you 

specify Circle F, you get precision-engineered devices 
of “custom-made” grade. Circle F’s fast, 
quality-controlled manufacture takes less time 

and guarantees lowest cost! 


a 


CONVENIENCE OUTLET 
NO. 340 


APPLIANCE SWITCH 
NO. 2230 


CONVENIENCE OUTLET 
NO. M438 


CIRCLE F 


choice of 

screw terminals 
male tabs 

wire leads 
absolute ground 


\SNAP-IN 


CONVENIENCE 
OUTLET 


Ww 


keep your costs on 
the ground by 
i specifying Circle F’s 
i quality-controlled 
ar snap-in devices. 
a model for every use. 
MALE LOAD PLUG 


NO. 344 


a) oe Cee On © 


PILOT LIGHT 
NO. 490 


TRENTON 4, NEW JERSEY + For your wire requirements: Eastern Insulated Wire Corp., Box 591, Trenton, N. J. 
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NEW Chromalox 
Electric. Microfins 
for forced 
convection air heating 


43, 


This new, small-mass heater pro- 
vides rapid heat-up almost equal to 
open coil elements. Unlike open 
coils, however, Microfins offer the 
advantages of a totally enclosed and 
insulated element only %4-inch in 
diameter. 

Microfins are ideal for air ducts 
and blower type space heaters, such 
as those used for industrial ovens 
and dryers. Their easy formability 
and high watt density (up to 80 
watts/sq. in.) permit Microfins to 
pack maximum heat output into 
minimum space. 

Standard lengths from 5% to 
47% inches; 120 and 240 volts; 525 
to 3000 watts. Specials available as 
required. 

Get more information from your 
Chromalox Representative or write 
today. ie 


om mem. me ae el 4 
Heute. x treat 


STRIA COMMERCIAL RESIDENTIAL 


EDWIN L.WIEGAND COMPANY 
7530 THOMAS BLVD., PITTSBURGH 8, PA 
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Nov. 6-7—5th Annual National 
Meeting of the Professional Group 
on Nuclear Science, Villa Motel, San 
Mateo, Calif. 


Nov. 10-14—Annual Meeting of 
National Electrical Manufacturers 
Association, Traymore Hotel, Atlan- 
tic City, N. J. 


Nov. 12-14—Annual Meeting of 
the Society For Experimental Stress 
Analysis, Hotel Sheraton-Ten Eyck, 
Albany, N. Y. 


Nov. 17-18—Sixth Annual Conven- 
tion of the Society of Technical 
Writers and Editors, Inc., Shoreham 
Hotel, Washington, D. C. 


Nov. 17-20—Conference on Mag- 
netism and Magnetic Materials, spon- 
sored by the AIEE, in cooperation 
with the American Physical Society, 
IRE, the Metallurgical Society of 
AIME, and the Office of Naval Re- 
search, Sheraton Hotel, Philadelphia, 
Pa. 


Nov. 17-21—Eighth National Plas- 
tics Exposition, sponsored by the 
Society of the Plastics Industry, 
International Amphitheatre, Chicago, 


Ill. 


Nov. 18-20—Ninth National Con- 
ference on Standards, sponsored by 
the American Standards Association, 
Hotel Roosevelt, New York. 


Nov. 19-20—Northeast Electronics 
Research and Engineering Meeting, 
sponsored jointly by the Boston, 
Conn., and Western Mass. sections 
of IRE, Mechanics’ Building, Bos 
ton, Mass. 


Nov. 19-21—llth Annual Confer- 
ence on Electrical Techniques in 
Medicine and Biology, sponsored by 
IRE, AIEE, and the ISA through 
their Joint Executive Committee on 
Medicine and Biology, Nicollet Ho- 
tel, Minneapolis, Minn. 


Nov. 20-21—Technical Symposium 
and Product Exhibition, sponsored 
by the New York Metropolitan 
Chapter of the Institute of Environ- 
mental Engineers, Henry Hudson 


Hotel, N. Y. 


Dec. 1-3—45th Semi-Annual Meet- 
ing of The American Society of 
Refrigerating Engineers, Roosevelt 
Hotel, New Orleans, La. 


Dec. 1-5-—23rd National Exposi- 
tion of Power and Mechanical En- 
gineering, under auspices of ASME, 
New York Coliseum, New York 
City. 


Dec. 2-4—3rd EIA Conference on 
Reliable Electrical Connections, 
Statler-Hilton Hotel, Dallas, Tex. 


Dec. 2-4—Seventh Annual Sympo 
sium on Technical Progress in 
Communication Wires and Cables, 
jointly sponsored by industry and 
U. S. Army Signal Research & De 
velopment Laboratory, Berkeley-Car- 
teret Hotel, Asbury Park, N. J. 


Dec. 3-5—Eastern Joint Computer 
Conference, sponsored by AIEEF, 
IRE and the Association for Com- 
puting Machinery, Bellevue Strat- 
ford Hotel, Philadelphia, Pa. 


Dec. 3-5—2nd National Symposium 
on Global Communications, spon- 
sored by the IRE Professional 
Group on Communication Systems 
and the AIEE, Colonial Inn Desert 
Ranch, St. Petersburg, Fla. 


Dec. 26-3 1—125th Annual Meeting 
of the American Association for the 
Advancement of Science, Washing- 
ton, D. C. 


Jan. 12-14—5th National Sympos- 
ium on Reliability and Quality Con- 
trol, sponsored by the American 
Society for Quality Control, IRE, 
AIEE, and EIA, Bellevue-Stratford 
Hotel, Philadelphia, Pa. 


Jan. 26-29—65th Annual Meeting 
of the American Society of Heating 
and Air-Conditioning Engineers, and 
the 14th International Heating and 
Air-Conditioning Exposition, Phila- 
delphia, Pa. 


Feb. 3-5—14th Annual Technical 
and Management Conference, spon- 
sored by Reinforced Plastics Div., 
Society of the Plastics Industry, 
Inc., Edgewater Beach Hotel, Chi- 
cago, Ill. 


Feb. 12-13—1959 Solid State Cir- 
cuits Conference, sponsored by IRE 
Professional Group on _ Circuit 
Theory, AIEE, Committee on Elec- 
tronics, IRE and AIEE Philadelphia 
Sections, and Univ. of Penn., Phila- 
delphia, Pa. 
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CERAMICS 





ACTUAL SIZE . 



































BENDIX AVIATION CORPORATION SHAFT AND BUSHING ASSEMBLY 


VERY CLOSE TOLERANCES AND CLEARANCES 
ON ASSEMBLY PROVIDE FRICTION FREE ACTION 


Coors Alumina Ceramic is used in 
production quantities by the Bendix 
Aviation Corporation for a shaft and 
bushing assembly that has tolerances as 
close as +0.000015. From one bushing 
to another, Coors holds the diameter to 
+0.000050. Between one shaft and an- 
other, Coors holds the diameter to 
+0.000015. On both bushings and 
shafts, taper, camber and roundness of 
individual parts are held to 0.000010 
total. 

Extremely close, match-fit sets of 
this assembly are made by selective fit- 


ting. Finishing within a few millionths is 
required to provide proper fits—exact 
clearance must be withheld. 

These very tolerances and 
clearances provide friction free action 
between the shaft and bushing. This, 
combined with the hardness and chemi- 
cal inertness of the alumina ceramic, 
gives the assemblies long, trouble free 
service, 

Guaranteed precision on a produc- 
tion basis permits the engineer to use 
Coors ceramics in applications where 
the physical properties of metals and 


close 


Aer 


plastics are unacceptable. Tolerances 
and finishes which can be obtained by 
Coors are: 

within 0.000030” total. 

...0.000010” per inch of length’. 

.0.000010” per inch of length*. 

Out-of-roundness.............ccccssceeeseeeees 0.000010”, 

than 1 light band. 
Equivalent surface finish — 


3 to 4 r.m.s. microinch. 
*(in lengths up to 3 inches) 


Surface flatness — less 


For a complete description of phy- 
sical properties of Coors High Alumina 
Ceramics, write for Bulletin 1055A. 


GOORS PORCELAIN CO., 634 9th St., Golden, Colo. 





COORS PORCELAIN 
COMPANY 


Manufacturers of High Strength Alumina Ceramics 
GOLDEN, COLORADO 
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Please send me detailed Bulletin 1055A on Coors High Strength 
Alumina Cerafnics and Coors manufacturing facilities. 


Nome.......... ithe 

Compan 

Address.... waite - 
CDi evicsisinetoonsn evennescuecseocecoseressersessescetenscase SIO caiencasssaessennriasnnsnenionisieiati 


Please refer to our 12-page catalog in Sweet's Product Design File 





Men in Industry 





ae 


James H. Reid has been appointed 
chief engineer of Servomechanism’s 
Subsystems Div., Hawthorne, Calif. Mr. 
Reid was in charge of electronic sys- 
tems predesign at the Convair Div. of 
General Dynamics Corp., and prior to 
Convair was a project engineer with the 
A. B. DuMont Laboratories. He has had 
extensive experience in electronic re- 
search and development of airborne 
systems and instrumentation. 


Three major appointments in the 
Central Engineering Div., Consolidated 
Electrodynamics Corp., were recently 
made. Francis T. Greenup, formerly 
chief product engineer, was named 
manager of engineering services and 
manager of the Alectra Dept.; George 
M. Slocomb, formerly supervisory prin- 
cipal engineer, was promoted to assist- 
ant chief development engineer; and 
E. James Penrose was named administra- 
tive manager. 


Stephen Gulyas, formerly chief engi- 
neer of Precision Circuits, Inc., Mount 
Vernon, N. Y., is now vice president 
in charge of research and development. 
The company specializes in design of 
printed circuits for missile and aircraft 
electronic systems. 


Richard D. Olson has been promoted 
to manager of the magnetic application 
section of the materials engineering 
department, Westinghouse — Electric 
Corp., East Pittsburgh, Pa. Prior to 
his new position, he was supervising 
engineer of the magnetic application 
section. 


Harold P. Belcher has been promoted 
to manager of the quick reaction lab- 
oratory and Lawrence R. Hendershot to 
manager of the special projects labora- 
tory of Avion Div., ACF Industries, 
Inc. Both formerly held the position of 
senior engineer. 
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Ralph L. Jaeschke has been appointed 
chief engineer of the Dynamatic Div. 
of Eaton Manufacturing Co., Kenosha, 
Wisc. During the last eight years, he 
has supervised development of a num- 
ber of important products for this 
division. 


Mid-Century Instrumatic Corp., N.Y., 
has appointed Philip Balaban as direc- 
tor of research. Mr. Balaban will direct 
Mid-Century’s component development 
program with particular emphasis on 
transistor applications. 


invented the 
cross-field generator (important in the 
field of welding) and the photoelectric 
exposure meter recently 
Howard N. Potts 
Franklin Institute, Philadelphia, Pa. 
They are Dr. Emanuel Rosenberg of 
Bogota, Colombia, who developed a 
new principle for deriving electrical 
current from a rotating machine, and 
William Nelson Goodwin, Jr. of New 
Hope, Pa., 
film speeds. 


Two engineers who 


received the 


Medals from the 


who established a scale for 


Donald H. Preist has been named 
associate director of research at Eitel- 
McCullough, Inc., San Carlos, Calif. He 
joined Eimac in 1946 as research en- 
gineer after an association with the 
British Government. A member of the 
first radar team in England, he was 
instrumental in early experiments on 
radar detection of ships and develop- 
ment of high-power ground radar trans- 
mitters. 


International Resistance Co., Phila- 
delphia, Pa., has appointed Dr. Benja- 
min J. Patton to project leader, semi- 
conductor research program, and Mrs. 
Dorothy Hoffman to project leader, film 
research program. Dr. Patton has been 
with IRC since 1955 as a_ research 
physicist. Mrs. Hoffman joined IRC in 
1950 as a research engineer. Previously, 
she was associated with the General 
Electric Research Laboratory. 


J. B. Gardner has been appointed 
assistant chief engineer of The Kerite 
Co., 30 Church St., N. Y. The company 
manufactures insulated cable and wire 


for the railroad, power and industrial 
fields. Mr. Gardner will operate from 
the company’s plant at Seymour, Conn. 


Herbert F. Engelmann has been ap- 
pointed head of the development sec- 
tion of Microlab, Livingston, N. J. Past 
national chairman of the IRE Profes- 
sional Microwave Theory 
and Techniques, Mr. Engelmann was 
formerly with Federal Telecommunica- 
tion Labs as executive engineer and 
department head since 1944. 


Group on 


John J. Velesky has been elected a 
director and vice president of Wac- 
Line, Inc., Dayton, Ohio. He is also 
chief engineer of the company. In 1953, 
Mr. Velesky was chief engineer of 
Frampton Electric Co. of Dayton. He 
was formerly associated with RCA in 
Bloomington, and with Wright Air De- 
velopment Center. 


Ray P. Dunn has been named techni- 
cal director of Lindberg Melting Fur- 
nace Div. of Lindberg Engineering Co., 
Chicago, Ill. He comes to Lindberg 
after four years as director of metal- 
lurgy for U. S. Reduction Co., East 
Chicago, Ind. He is currently secretary 
of the Die Casting and Permanent Mold 
Div. of the American Foundryman’s 
Society. 


Karl H. Epple has been appointed 
director of engineering and Edward W. 
McLaren has been named director of 
manufacturing for the Heli-Coil Corp., 
Danbury, Conn. Mr. Epple served as 
design manager and was _ responsible 
for developments on variations of the 
basic Heli-Coil screw thread insert. Mr. 
McLaren has served as project engi- 
neer, engineering laboratory manager 
and plant engineer. 


Linwood A. Walters has been named 
director of research and development 
for National Vulcanized Fibre Co., Wil- 
mington, Del. Mr. Walters joined Na- 
tional in the latter part of 1957 as 
manager of research and development. 
He had formerly been development 
manager of the Durite department of 
the Borden Co.’s chemical division. 
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Another new fastener idea by Parker-Kalon 


SPINNERS ? 


Screws on the floor mean trouble at your door! Ordinary 
fasteners when used in the assembly of thin gage metal 
sheets, often spin or slip—result in work stoppages, 
salvaging operations, higher production costs. 

Now you can substantially reduce waste motion, 
rejects and lost time, with Parker-Kalon’s new 
“Hi-thred” Self-tapping Screw . the new fastener 
that grips securely without spinning or slipping . . . even 
in very thin gage metal sheets. 


at Work! 


BUY PK 
MADE INUSA 


Developed by P-K’s research team, the revolutionary 
“‘Hi-thred”’ is THREADED FULL TO THE HEAD— WITH THE 
LAST THREAD ACTUALLY TERMINATING IN AN ANNULAR 
ORIFICE IN THE HEAD ITSELF! 

For samples, see your nearby Industrial Distributor. 
*‘Hi-thred”’ fasteners are available in production quan- 
tities at no increase in price in Types “SA” and “‘Z’’ in 
non-countersunk head styles, in either Slotted or 
Phillips Recessed Heads. 


=-] PARKER-KALON “Hi-thred” ¢ 


Self-tapping Screws 


Pat. Pending 


Sold everywhere through leading Industrial Supply Distributors 


PARKER-KALON DIVISION, General American Transportation Corporation, Clifton, New Jersey 
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Company Briefs 





General Electric Co., Cleveland, Ohio, 
has formed a new Lamp Metals and 
Components Dept. of the GE Lamp Div. 
The new department consolidates two 
GE departments supplying light bulb 
parts—the Lamp Leads and Bases 
Dept. and the Lamp Wire and Phos- 
phors Dept. 


Robbins & Myers, Inc., Springfield, 
Ohio, electric motor manufacturer, has 
purchased Trade-Wind Motorfans, Inc., 
of Pico Rivera, Calif. 


Expansion of products and services 
of a major subsidiary of General Pre- 
cision Equipment Corp. and a name 
change to reflect the expansion were 
recently announced. GPE Controls, Inc., 
will be the name of the former Asksnia 
Regulator Co. 


Eastman Chemical Products,  Inc., 
Kingsport, Tenn., is now making poly- 
propylene on a pilot plant scale. The 
process being used was invented by 
scientists in the research laboratories 
of Tennessee Eastman at Kingsport. 


Daystrom, Inc., Murray Hill, N. J., 
has acquired the business and assets 
of the Industrial Gauges Corp., West 
Englewood, N. J., and the related 
patents owned by Charles B. Zimmer, 
president. Industrial Gauges is a pio- 
neer and major manufacturer of “non- 
contact” gauges, sensing and analytical 
devices used in a wide range of in- 
dustries including steel and non-ferrous 
metals, chemical, and_ electrical-elec- 
tronic. 


Beckman Instruments, Inc., has 
formed the Sheckley Transistor Corp. as 
a subsidiary company to expand de- 
velopment and manufacture of special- 
ized semiconductor components. Dr. 
Shockley’s group has been operating at 
Palo Alto, Calif., since 1956 as the 
Shockley Semiconductor Laboratory of 
Beckman Instruments, Inc. 


Howard Industries, Inc., Racine, 
Wisc., has acquired another motor line, 
completing the purchase of the induc- 
tion motor line from Westinghouse 
Electric Corp. of Lima, Ohio. 


Dudek and Bock Spring Mfg. Co. 
4014-28 W. Grand Ave., Chicago, have 
expanded their operations with the 
purchase of Advance Spring Corp., also 
of Chicago. 
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Design Shortcut for 
Holding Magnets °: 


Richard A. Scholten, Senior Design Engineer, The 


0 
5 


Indiana Steel Products Company, describes a 


fast design method that eliminates complex 
math. Magnet dimensions are obtained 
by a simple, three-step procedure using 


basic performance data. 


In this unique method for designing 
holding magnets, all the hard work 
is done with graphs. It requires 
mathematics no more difficult than 
cubing a number, then taking its 
square root. 

A comparison of configurations is 
the key to the method. In most cases 
any magnet design can be used to 
predict the performance of any 
other magnet of the same material 
and geometric shape—regardless of 
size. 

Only three factors are needed for 
design: desired pull, air gap and 
geometric shape. If air gap and each 
magnet dimension are multiplied by 
the same factor K, the new system 
will be geometrically similar and 
the pull force will vary directly as 
the area of the magnet pole face. 

Material to be used must be con- 
sidered first. For a discussion of 
magnet material selection, see Ap- 
plied Magnetics, October-December, 
1957. Information on four of the 24 
designs analyzed is shown here: 
Design 5, using an Indox I ceramic 
magnet; Design 10, using Indox V; 
and Designs 13 and 20, using cast 
Alnico V magnets. The four designs 
are illustrated in Fig. 1. 








FIG. 1. Four of the basic designs for holding 
magnets. From these designs other holding mag- 
nets, geometrically similar but with any desired 
pull force, can be derived. Magnetic material 
is in black, steel in gray; all dimensions are in 
inches. Design numbers correspond to those on 
effectiveness curves and in Performance Table II. 
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Effectiveness curves, Fig. 2, are 
plotted in terms of pull effectiveness 
E vs reach factor G/VP (Table I). 
A magnet with high pull effective- 
ness has high pull for low magnetic 
material weight W. 

Pull effectiveness E (=PG/W) 
remains constant between any two 
geometrically similar magnetic sys- 
tems because P is proportional to 
the ratio factor K2 (face area), G is 
proportional to factor K (length of 
magnet) and PG is proportional to 
volume or weight. This is significant 
because P and G are known or spec- 
ified for a new design, and a cal- 
culation of W can be made from 
PG/W. 

Reach factor G/VP measures G 
for a specified pull. P is proportional 
to area; therefore, VP, like G, is pro- 
portional to linear dimensions. Re- 
sult is a constant reach-factor value 
for all geometrically similar mag- 
nets. Thus, the same curves — effec- 
tiveness vs reach factor — can be 
used for any magnets similar to the 
four design examples, regardless of 
size. 

Zero-gap effectiveness E, has a 
different value than for a magnet 
with an air gap, because in this case 
G is zero. @ 


G 


VP 
FIG. 2. EFFECTIVENESS CURVES 


Indox | (non-oriented) — Design 5 
Indox V (oriented) — Design 10 
Alnico V (cast) — Designs 13 and 20 


HOW TO USE THE METHOD 


EXAMPLE: A holding magnet, air-gap type, is re- 
quired to produce a 10-ib pull at 0.05-in. gap. 
Reach factor G/\/P is 0.05/\/10=0.0158. In the 
effectiveness curves shown, Design 10 has the high- 
est effectiveness at this reach factor, From the curve, 
E = 2.7. If this shape is adaptable to the applice- 
tion, the weight of magnet material required is 
PG/2.7 = 10 x 0.05/2.7 = 0.185 ib. Design 10 in 
Performance Table uses 0.27 Ib of material, so each 
linear dimension of Design 10 is multiplied by 

=W0.185/0.27 = 0.88 to establish new magnet 


dimensions. 





TABLE - — 
Pertormance of Four Basic Holding-Magnet Designs 
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TABLE I — Nomenclature 


G Air gap, measured from closest point 
of magnet assembly to armature, in. 
P Pull, Ib. 


W Weight of magnetic material in basic 
design, Ib. 
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A complete reprint of “Short Cut 
for Holding-Magnet Design” appears 
in the October-December, 1957, 
Applied Magnetics. The article cov- 
ers the 24 basic designs of holding 
magnets in all magnetic materials, 
and discusses material selection con- 
siderations in detail. Write for your 
free copy .. . Dept. 3-11. 


INDIANA 
PERMANENT 
MAGNETS 





Book Reviews 





Industrial Electronics Handbook. 
Edited by W. D. Cockrell. McGraw- 
Hill Book Co., Inc., 330 W. 42nd 
St., New York 36, N. Y. 1408 pages, 


price $22.50. 


With some 100 authors contributing, 
this handbook, covering all phases of 
industrial electronics and control, will 
be a valuable aid to technicians in 
many fields as well as the control engi- 
neer. 

Its nine major section titles include: 
Fundamentals (tables, symbols, mathe- 
matics, etc.) ; Control Elements (elec- 
trical, mechanical, hydraulic, pneu- 
matic); Power Supplies, Constant 
Potential; Control Circuits (amplifiers, 
discriminators, gates, etc.); Circuit 
Applications (servos); Instruments 
and Computers (analog and digital) ; 
Equipment Mechanical Design; User’s 
Requirements (standards and _prac- 
tices). 

Emphasis is on application and the 
user’s needs, rather than on the special- 
ized information required by the de- 
signer of particular components. 


Insulation Engineering Funda- 
mentals. By Graham Lee Moses. 
Lake Publishing Corp., 718 Western 
Ave., Lake Forest, Ill. 118 pages, 
price $2.75 for paperbound edition, 
$6.00 for clothbound edition. 


The book is practical and comprehen- 
sive, covering every important aspect 
of insulation in detail. Written in an 
easily understood manner, it is intended 
to aid the beginner as well as the more 
experienced insulation man. 

Basic concepts, selection, application, 
construction, and testing of insulation 
for large and small rotating machinery 
and electronic equipment are fully de- 
scribed. 

Some chapters included are: con- 
struction of coils and windings for elec- 
tric machinery; electronic power fre- 
quency insulation; insulation of sep- 
arate parts of electronic equipment; ef- 
fect of design on insulating and winding 
practices; use of insulating varnishes: 
and tropical service insulation prob- 
lems. 


Engineering Electromagnetics. 
By William H. Hayt, Jr. McGraw- 
Hill Book Co., Inc., 330 W. 42nd St., 
New York 36, N. Y. 328 pages, price 
$8.50. 


The book is an introduction to electro- 
magnetic theory and is intended to en- 
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able the reader to readily understand 
more advanced works. Included are 
electrostatics, the steady magnetic field, 
time-varying fields and Maxwell’s equa- 
tions, and application of Maxwell’s 
equations. 

Techniques such as vector analysis, 
relativity, and solid-state physics are 
combined into a logically-developed and 
clear presentation of electromagnetics. 

To illustrate and clarify the use of 
Maxwell’s equations, the final two 
chapters provide an introduction to 
skin effect, wave motion, circuit con- 
cepts, radiation, and relativistic effects. 
Another feature is the sections on re- 
laxation and iteration methods of ex- 
perimental mapping. An appendix has 
been included on dimensions and di- 
mensional analysis. 


Transform Method in Linear Sys- 
tem Analysis. By John A. Aseltine. 
McGraw-Hill Book Co., Inc., 330 
W. 42nd St., New York 36, N. Y. 300 
pages, price $8.50. 


The prime purpose of this senior- 
graduate-level text is to show what the 
transform method is and how it is ap- 
plied to a variety of engineering prob- 
lems. More importantly, it shows how 
the transform method can give an un- 
derstanding of physical phenomena. 
Considerable space is devoted to the 
concepts of system function, frequency 
response, impulse response, etc. Ma- 
terial related to the analysis of linear 
systems is brought together and the 
relationships between the various meth- 
ods are shown. 

Subjects treated include the Laplace 
transform and its many uses, the root- 
locus and Nyquist methods of feedback 
system analysis, Fourier series and 
transforms, systems with random in- 
puts, and Z transforms. Examples and 
problems are included at the con- 
clusion of each chapter. 


Radiation Effects on Materials, 
Vol. 1I—STP 220. American So- 
ciety for Testing Materials, 1916 
Race St., Philadelphia 3, Pa. 140 
pages, price $3.75. 


This is the second of a series of sym- 
posiums on radiation effects on mate- 
rials sponsored jointly by ASTM and 
the Atomic Industrial Forum. The data 
and evaluations presented are made as 
a contribution to the understanding of 
existing code and specification values 
as they apply to nuclear reactor struc- 
tures and components. 

The known properties of materials 
must be evaluated in the light of the 
actual reactor operating conditions. 
By adapting and interpreting the vast 
backlog of data on unirradiated ma- 
terials with the sparse, but accumulat- 


ing knowledge ot irradiated materials, 
cautious extrapolation within the limits 
of experimental work can be allowed. 

The volume is well-illustrated and 
will be of special value to those inter- 
ested in the design and operation of 
nuclear reactors. 


Recent Advances in the Engi- 
neering Sciences—Their Im- 
pact on Engineering Education. 
McGraw-Hill Book Co., Inc., 330 
West 42 Street, New York 36, N. Y. 
257 pages, price $4.75. 


This book is a collection of papers pre- 
sented at a conference for engineering 
deans held at Purdue University, Sep- 
tember 9-12, 1957. The conference sur- 
veyed the technical aspects and educa- 
tional implications of several expand- 
ing areas related to engineering. Al- 
though keyed to the interests of en- 
gineering deans, a number of the talks 
give a quick view of advanced develop- 
ments in such engineering fields as 
automation and automatic control, sys- 
tems engineering, solid state physics 
and engineering materials, and com- 
puter development and_ application. 
Each subject heading was handled by 
an engineer or scientist of industry 
and a professor of engineering. 


Introduction to Electromagnetic 
Engineering. By Roger F. Har- 
rington. McGraw-Hill Book Co., 
Inc., 330 West 42 St., New York 36, 
N. Y. 312 pages, price $8.00. 


This text was designed as an introduc- 
tory study of electromagnetic theory 
in undergraduate and graduate courses 
in EE. The author introduces field 
theory as an_ extension of circuit 
theory, starting with Maxwell’s equa- 
tions. Text goes on to static field 
theory, ultimately leading up to a dis- 
cussion of time-varying field theory. 
The approach is highly theoretical. 
Chapter headings include: charge 
density and current density, electric 
intensity and magnetic flux density, 
the boundary-value and the electromag- 
netic field. The book is in line with 
recent concepts in teaching electrical 
engineering based on field theory. 


Operational Mathematics, Sec- 
ond Edition. By Ruel V. Church- 
hill. McGraw-Hill Book Co., Inc., 
330 West 42 Street, New York 36, 
N. Y. 337 pages, price $7.00. 


This textbook starts out with a dis- 
cussion of the Laplace transformation 
and goes into operational mathematics 
for various Fourier transformations 
and their generalizations and by the 
theory and applications of eigenvalue 
problems. The applications are chiefly 
to problems in engineering and physics 
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GLOBE TYPICAL A.C. & D.C. ACTUATORS 


e-2" DIA - 54," TYPICAL 











4” TYPICAL 














* TYPICAL 








A.C. UNITS D.C. UNITS 
synch, speed: .5 to 1000 rpm governed speed: 5 to 1009 
power: up to 230 v.a.c power: up to 70 v.d.c 
weight: about 20 oz weight: about 20 oz. 
housing: meets MIL specs housing: meets MIL specs © 
for protection for protection 


REQUIREMENTS EXCEEDING THOSE SHOWN ARE 
INVITED. SPECIAL ACTUATOR SHAPES WELCOMED. 


GLOBE SPECIAL ACTUATORS / FROM STOCK PARTS 
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Globe Industries designs and builds rotary and 
linear actuators to your specifications . . . custom 
units can be in your hands quickly. Moreover, if 
required, Globe can deliver the correct precision 
motor and planetary gear reducer in 2 weeks if you 
want to breadboard the actuator first. 

Specific reason for fast delivery and low cost— 
Globe builds actuators in many standard sizes; into 
the protective housing can go any of 10 different 
frame size motors with literally hundreds of stand- 
ard windings. Hundreds of gear reducers are 
stocked or readily available, as are components for 
governors, switches, relays, potentiometers and 
other take-off and control elements. Our special 
engineering group quickly puts these standard 
components together to meet your prototype re- 
quirements. Intermittent torques to 2500 in. oz. 
(150 in. Ib.) 

Write for Bulletin 20@0, Please outline your 
actuator needs for an engineering recommenda- 
tion. Globe also makes precision timers, gyros, 
stepper motors, blowers and fans, servos, clutches 
and motorized devices. GLOBE INDUSTRIES, INC., 
1784 Stanley Avenue, Dayton 4, Ohio. 
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| G-V | 
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TIME DELAY | 
RELAY ’ 
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HEATER 
R 


G-V thermal time delay relays 
help Waltham gyro 


find the vertical fast! 


As part of an airborne fire control system, Waltham Precision 
instrument Company’s WG-2 Vertical Gyro provides vertical refer- 
ence information. In achieving either initial or in-flight erection of 
the gyro, G-V Thermal Time Delay Relays control torque motor field 
currents that help find the vertical within 30 seconds! 


In both military and industrial equipment, G-V thermal relays are 
providing long, dependable, proven service in time delay applica- 
tions, voltage and current sensing functions and circuit protection. 


Write for extensive application data and catalog material. 


G-V CONTROLS INC. 





LIVINGSTON, NEW JERSEY 
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| that involve differential equations, with 


emphasis on boundary value problems. 


| Specific problems dealt with are vi- 


brating mechanical systems, electric 


circuits and servomechanisms. 


| Mathematics of Physics and 


Modern Engineering. By I. S. 
Sokolnikoff and R. M. Redheffer. 
McGraw-Hill Book Co., Inc., 330 W. 
42nd St., New York 36, N. Y. 810 
pages, price $9.50. 


| Through a judicious choice of topics 


presented and applications used to 
illustrate them, the authors have 


| steered a middle course between the 


classical, highly theoretical approach 
to mathematics and the practical en- 
gineering approach which starts from 
the application and works back. Topics, 
selected in the light of present-day 


needs and technology, include ordi- 
| nary differential equations, infinite 


series, vector analysis, matrices, prob- 


| ability, etc. 


Each topic is treated in one chapter 


| (there are nine of these), the first part 


of which is less advanced and serves 


| as an introduction to more difficult 


subjects in later parts. Thus the 
chapter on infinite series begins with 
general theory and then goes on to 
cover power series and Taylor’s formu- 
la, series with complex terms, Fourier 
series, orthogonal functions, etc. 

New concepts are illustrated with 
an example as soon as they are in- 
troduced, and there are numerous care- 
fully graded problems with hints for 
the difficult ones. Problems come im- 
mediately after sections in which the 
methods are discussed. 


Engineering 
Standards 





ATSM Standards on Rubber 
Products 
Compilation of Standards (D-11) com- 
prises all ASTM standards and meth- 
ods of test and specifications pertain- 
ing to these products. Products in this 
volume are of considerable interest 
not only to the rubber chemist, design 
engineer and rubber manufacturer, but 
also the electrical engineer and quality 
control engineer. 

There are 145 standards, of which 
61 are new, revised or have had their 
status recently changed. Sixteen stand- 
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Uniformity of Taylor Rolled Copper-Clad Laminates 
helps prevent shorts in printed electronic circuits 


Taylor Rolled Copper-Clad Laminates help prevent both 
shorts and open circuits: shorts because the copper is free 
of lead inclusions; open circuits because the metal is free 
of pits and pinholes. They have such high uniformity that 
even lines only 0.002 in. wide, and spaced only 0.004 in. 
apart, can be produced. These features also help prevent 
resistance buildup and other faults that cause failures in 
radios, television sets, and other electronic devices found 
in the home and industry. 

Production control at Taylor Fibre Co. is responsible for 
this highly uniform printed circuit material. Taylor has 
devised a unique method of bonding high-purity rolled 


Actual size of printed circuit 
on Taylor Copper-Clad Lami- 
nate. The lines are only 0.002 
in. wide and 0.004 in. apart. 
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LAMINATEQ PLASTICS 


copper to the base laminate—and keeping it securely bonded 
even under severe conditions of temperature, humidity and 
mechanical stresses. From this results the production of 
printed circuits of consistently high quality. 

This is only one of the many Taylor Fibre Co. products 
that are meeting industry’s demands for improved materials 
with superior performance characteristics. If your products 
require laminated plastics—in basic form or fabricated 
parts—contact Taylor Fibre Co., Norristown 37, Pa. Our 
plants at Norristown, Pa., and La Verne, Calif., are both 
fully equipped to give you engineering assistance as well as 
quick delivery on the laminated plastics you may need. 


aylor 


VULCANIZED FIBRE 
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WHICH 
PRESSBOARD 
INSULATION 
IS BEST ? 


Full Line of Low-Cost West Virginia 
Boards Simplifies Selection 


Uniform quality, higher dielectric 
characteristics and wide choice of 
thicknesses make these boards 
outstanding money savers for 
cost-conscious design engineers. 


PRESSITE 


For Air... Oil... Askarel Transformers. 
An absorbent, unsized board of 100% 
virgin kraft stock free of metallic parti- 
cles. Excellent dielectric, physical and 
chemical properties. Thicknesses: .031" 
to .250". Color: natural kraft. 


ELECTRITE 


Harder Board for Variety of Punchings. 
A high grade board treated with natural 
rosin size for moisture resistance. High 
tensile strength. Punches clean. Thick- 
nesses: .031" to .250". Two colors: brown 
and black. 


DENSITE 


Extremely Hard Board . . . Sized or Un- 
sized. Used by many manufacturers to 
replace more costly types of insulation. 
Thicknesses: .031" to .125". Color: 
natural kraft. 


Underwriters’ Laboratories, Inc. re- 
port E-3987 —57N2130 is your guide to 
proper selection. We welcome your 
inquiry. 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Board Products Sales 
230 Park Avenue 
New York 17, N.Y. 
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ards not previously included in the 
1957 edition have been added. Many 
of these pertain to carbon black and 
synthetic rubbers and elastomers. 

Copies may be obtained from ASTM 
Headquarters, 1916 Race St., Philadel- 
phia 3, Pa. at $8.50 a copy. 


ASA Standards 

The following ASA standards have 
been approved by the ASA and pub- 
lished by the ASME: 

American Standard B18.6.4-1958, 

Slotted and Recessed Head Tapping 

Screws and Metallic Drive Screws, 

$4.00. American Standard B27.2-1958, 

Plain Washers, $1.00. American Stand- 

ard Y14.11-1958-Section II, Plastics, 

of the American Drafting Standards 

Manual, $1.50. 

ASA Y10.2-1958, a revision of 
American Standard Z10.2-1942—Let- 
ter Symbols for Hydraulics ($1.00). 

ASA Y10.4-1957—Letter Symbols 
for Heat and Thermodynamics, a revis- 
ion of an earlier standard issued in 
1943 ($1.50). 

ASA Y14.7-1958—Section 7 of the 
American Drafting Standards Manual: 
covers gears, splines and_ serrations 


($1.50). 


Copies of any of the above standards 
can be obtained by writing to either 
the American Standards Association, 
70 E. 45th St., New York 17, N. Y., or 
the American Society of Mechanical 
Engineers, 29 W. 39th St., New York 
is, N.Y. 


NEMA Standards 


VF 7-1958, Yellow Varnished Glass 
Fabric, covers dimensions, physical and 
electrical properties, testing, packing, 
and marking. 75¢. 

MR 1-1953, NEMA Standards for 
Metallic Rectifiers, has been completely 
revised and each section is now avail- 
able as a separate publication, as 
follows: 

MR 1-1958, Safety Code, 30¢: MR 

10-1958, Copper-Oxide Cells and 

Stacks, 50¢: MR 11-1958, Selenium 

Cells and Stacks, 50¢; MR 20-1958, 

Cathodic Protection Units, 40¢: MR 

22-1958, Electroplating Units, 40¢; 

MR 23-1958, Truck Battery Charger 

Units, 40¢. 

Copies may be obtained from the 
National Electrical Manufacturers As- 
sociation, 155 E. 44th St., New York 
ido. Y. 


EIA Standards 


Five new recommended EIA standards 
are available: 
EIA Specification for Military Com- 
ponent, SMC-2 (Electrical Wire, In- 
sulated, High Temperature). $2.35. 


RS-165-A—Ceramic Dielectric Capac- 
itors, Classes 1 & 2 1000—7500 Volt 
Rating (this standard, from Standards 
Proposal No. 558, is a revision of RS- 
165) (80¢). 


RS-207—tTelevision Tuner Perform- 
ance Presentation and Measurement (this 
standard, from Standards Proposal No. 
560, is new material) (25¢). 


RS-210—Terminating and Signaling 
Equipment for Microwave Communica- 
tions Systems—Part I: Telephone Equip- 
ment (this standard, from Standards 
Proposal Nos. 518 and 533, is new 
material) ($1.10). 


RS-212—-Numbering of Electrodes 
and Designation of Units in Electron 
Tubes (this standard, from Standards 
Proposal No. 569, is a revision of ET- 
113) (25¢). 


Copies may be obtained from the 
EIA Engineering Dept., 11 W. 42nd 
St.. New York 36, N. Y. There is a 
minimum charge of $1 on all orders. 


Reliable Electrical 
Connections Conference 


(Continued from page 151) 





nection in any given condition of usage 
and environment depends on the re- 
liability of its components (conductors 
and connectors) and on the making 
(application) of the connection. The 
design of the components and their 
condition (such as surface) at the 
time the connection is made do not of 
themselves insure a reliable connection 
unless the connection can be made in a 
predetermined controllable manner. 
Crimping provides a measurable 
method of making such connections. 

In a crimped (or compression) type 
of connection, the force required: to 
bring the two (or more) conductors 
in contact and to maintain the contact 
is provided through the deformation 
of a portion of the connector. This por- 
tion, usually referred to as the barrel 
or sleeve, is deformed in a_prede- 
termined shape and to a predetermined 
extent by a spcial tool. The deforma- 
tion of the connector barrel is a per- 
manent one and the clamping force is 
thus maintained. 

In this method of clamping through 
deformation, all elements are measure- 
able and controllablé. In the design 
of the connector barrel, the material, 
the dimensions, and the finish are 
finite, reproducible ‘%d_ physically 
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Tempered Spring Steel 


\ control your quality... 


with YAW STAINLESS and STRIP DIVISION 
cold rolled spring steel 


The quality of your spring steel parts or 
products is only as good as the spring steel 
itself—its response, its performance. When 
you specify J&L it means all the advan- 
tages of most exacting quality control—from 
ore to finished coil. Particularly important is 
the opportunity to utilize J&L’s Restricted 


Specification processing to achieve the quali- 
ties necessary for optimum end-results. With 
individual restricted specifications met, often- 
times production operations can be simplified 
and in many instances product quality im- 
proved. As an example look at this... 


TYPICAL APPLICATION... 


product 


Hardened 
control 
bar Size 414” x .042 


Spring Steel 


Finish—#2 





Low Carbon 
High Carbon 


Electrolytic Zinc 
Alloy 


Stainless 


STEEL 


specification 


Analysis—AISI—1050 annealed 
Tolerance + .0003 including crown 
Width tolerance + .005 
Temper—B78 Max. 


Coil size 250/300 Ibs. per in. width 


results 


Uniformity of shape and 
gauge made possible 
change from cut lengths 
to coils, reducing han- 
dling and inspection. In- 
creased speed of produc- 
tion line. Amazing thick- 
ness control eliminated 2 
quality control stations. 





The experience, facilities and accumulated 
know-how of a specialized organization de- 
voted exclusively to strip steel processing 
are available to work with you. In this clear- 
ing house of strip steel engineering and 
application information, it’s a good bet there 
is something of value for you. Your inquiry 
will get our immediate, interested attention. 


Jones & Laughlin 


STEEL CORPORATION 
STAINLESS and STRIP DIVISION 


YOUNGSTOWN 1, OHIO 
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LOOK TO TOBE FOR PROGRESS 
a ee 


electronic 
interference 
filters 


TOBE brings unequalled experienceto : Tobe Exclusives: 
the solving of your filtering prob- : 
lems. TOBE’S advanced design- 
techniques, and the technical data : 
accumulated by TOBE filter special- <: Miniaturization with maximum 
ists over the years, meet your prob- : quality. 
lems with solutions that are quicker, : 
more efficient, and more reliable. For 
all your filtering needs, look to TOBE 
DEUTSCHMANN, the oldest name in 
interference filters. : We invite inquiries on specific 
: applications. The services of 
TOBE FILTERETTES, available in wide - UF engineers are always avail- 
range of ratings, sizes and mounting : *!¢. Write TosE-peutscHMaNn 
styles, are engineered to operate Swat, Serweel, ‘Wese., 


: the acknowledged i 
under the most severe environmental elesteente setae owenggpte an 
conditions. 


facturers of “FILTERETTES” 


Feed-thru capacitor construc. 
tion in filterettes. 


Guaranteed attenuation char- 
acteristics—under full-load op- 
erating conditions. 


speg 


TERETTES 


TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 1922 
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measureable without destruction. This 
is also true of the installation tool. 


Coatings for Contact Surfaces, R. G. 
Baker, Senior Technical Aide, Cor- 
rosion and Metallic Coatings Dept., 
Bell Telephone Laboratories, Inc., 
Murray Hill, N. J. 


A report of a study currently being 
conducted on possible materials for 
contact purposes. Electroplated and 
hot-dip coatings are considered. 

Eighteen electroplated coatings in- 
cluding soft and hard golds of varying 
thicknesses, base metals such as 50-50 
solder, tin, a copper-zinc-tin alloy, 
palladium and rhodium have _ been 
tested. Samples of the plating were 
given a wear test and exposed to three 
different representative atmospheres 
(including industrial gases and _ salt 
air) for periods of 6 and 12 months. 
Contact resistance and_ solderability 
tests were conducted on the samples 
before and after the wear test and 
exposures. It has been found that 24- 
carat gold with a thickness of 0.0001 
in. or greater is the best material tested 
and that 50-50 lead-tin solder also has 
attractive possibilities 

Actual connector and wiring board 
assemblies whose contacts have either 
electroplated or hot-dip finishes are 
also under test in a “sheltered” ex- 
posure in an industrial atmosphere. 
Measurements of contact resistance are 
also being used to evaluate these finish 
systems. In addition, the contact re- 
sistances of crossed wires under static 
loads are being studied during sheltered 
exposure to an industrial atmosphere. 





Radio Noise Measurement 


(Continued from page 95) 





The dummy antenna, which is 
merely a capacitor having the same 
capacitance as the rod antenna, pro- 
vides a relatively high instrument in- 
put impedance, and is used with 
short low-capacity input leads. The 
matching impedance, which is actu- 
ally a dummy antenna capacitor plus 
a shunt resistor of approximately 50 
ohms, permits the use of a relatively 
long 50-ohm cable between the noise 
meter and device being tested. 

In making conductive tests of 
radio influence voltage, it is desir- 
able to isolate the device from the 
power line as far as radio frequen- 
cies are concerned. This is accom- 
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gu 350 


‘ sums § 
grat 


~ 
AB) 


CHANGEOVER A MATTER OF SECONDS 
—to momentary or maintained contacts. 
COMPACT. Switch fits into small space— 
easily accessible mounting holes. 


EASIER WIRING with front mounted termi- 


ee. 4 nals and wrap-around cover. 
Bulletin 350 with : I 


wrap-around cover NO SPACERS. Back or base of switch mounts 
removed to show accessible directly on machine surfaces. 
contacts. Max. rating: 2 hp. : 

Note the clean, modern lines of this new switch... it was 

styled by Brooks Stevens, internationally known industrial 

designer. But its beauty is more than skin deep. Inside its 

enclosure is a rugged switch, designed for easier installation 

and long, trouble free life. 

The compact, low cost Bulletin 350 reversing switch is equiv- 

alent to a three-pole, double throw switch ... and can be used 

with a.c. or d.c. motors. The switch mechanism is a self-con- : 

tained unit—independent of the enclosure—thus eliminating 

any possibility of misalignment. OILTIGHT CAVITY MOUNTING 

All Allen-Bradley distributors ... your “Motor Control Head- 

quarters”... have a stock of these new Bulletin 350 drum 

switches on hand. Order them today. 


The new reversing switch can be furnished 
with a rubber gasketed oiltight cover plate for 
cavity mounting in a machine base. 


ALLEN-BRADLEY 





tense) ace), ba gels 
NQUALITYES 


NOVEMBER 1958 Circle 307 on page 17 





plished by means of an isolating network of inductances, 


capacitors and resistors comprising what is known as an 
impedance stabilization network. 

This network provides equal conditions for RIV tests 
regardless of the character of the power line. Components 
have values which establish a definite curve of isolating 
impedance vs radio frequency, and, of course, elements 
such as series inductances have current capacity to carry 


the load without undue voltage drop. Typical current- 
THERMOSTATIC carrying capacities for stabilization networks are 50 and 


500 amp, although they may have any current carrying 
DE | AY Fe F VAS capacity, providing the inductance is correct and dis- 
tributed capacity minimized. 
In measuring electrical devices for radio influence 
2 to 180 Seconds voltage it is desirable, although not always necessary, 
Actuated by a heater, they operate on to provide a shielded room to eliminate extraneous out- 
A.C, D.C, or Pulsating Current. side interference which might conflict with radio fre- 
Hermetically sealed. Not affected by quency voltages from the device being tested. This is 
altitude, moisture, or climate changes. particularly true in congested areas and locations where 
SPST only—normally open or closed. signals from broadcast neat oes might easily 
ted override the interference from the device. 
seneis 05° 404.78" C Bow Measurements of radiated fields are often limited by 
ers consume approximately 2 W. and the size of the screened room and frequently it is neces- 
AMPERITE | WIE | may be operated continuously. The units sary to conduct such tests in the open at times when 
DELAY yank, | ore rugged, explosion-proof, long- outside interference is at a minimum. 
RELAY lived, and—inexpensive! 
TYPES: Standard Radio Octal, and 


| | my =,” te —ldreer Pa radio interference. In this instance, the directive prop- 


erties of a loop pickup are often helpful in locating noise 
PROBLEM? Send for sources. This procedure is also often employed in the 
Bulletin No. TR-81 screened room where a small diameter loop probe is 

used for pin-pointing the location of the disturbance. 


Military specifications have been issued in the past 
for testing various devices for radio interference, and 
experience gained in such testing will undoubtedly prove 


of benefit in preparing new ASA standards. It is to be 


expected that when these standards are issued, the gen- 
BALLAST REGULATORS eral procedure throughout the electrical industry will 
assume a uniform pattern. 
. Ky Meanwhile, as has been pointed out, present noise 
Amperite Regulators are designed to keep the meters have incorporated features which have been found 
current in a circuit automatically regulated desirable and which will probably be included in the 
at a ‘definite vblué (for example, 0.5 amp.) standards. 
... For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C., or Pulsating Current. 





The radio noise meter is also widely used in testing 





high voltage transmission and power lines for radiated 





Calibration. One of the basic standards governing 
radio noise meters pertains to the method of calibration 
of the instrument. Meters of the quasi-peak response type 
usually employ radio frequency sine waves as a primary 
calibration standard. Transfer means, such as shot noise 
generators, may be used for convenience. but results are 
based on sine wave comparisons. 

The principal reason for calibrating the noise meter 
is to adjust its sensitivity so the indicating meter gives 
a correct indication of input voltage. As the sensitivity 
Hermetically sealed, they are not affected by changes in altitude, of the instrument usually changes with frequency, this 
ambient temperature (—55° to +-90° C.), or humidity . . . Rugged, requires a readjustment of the sensitivity or calibration 
light, compact, most inexpensive ...... . List Price, $3.00. control each time the tuning dial indicator is moved. 


Write for 4-page Technical Bulletin No. AB-51 Noise meters are usually supplied with curves or charts 
which give the meter reading from the internal calibrator 


| when the sensitivity or calibration control is correctly 
| adjusted. These readings vary with frequency and are 
originally established by first applying an r-f sine wave 


561 Broadway, New York 12, N.Y. . -: CAnal 6-1446 to the input of the noise meter and adjusting the calibra. 
tion control so the meter reads correct values for the sine 
In Can Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 


(Concluded on page 324) 
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ADAPTABILITY ...with Leesona’ No. 107 


These attachments enable you to 


wind small O.D. or space-wound coils 
automatically with one operator 


assigned to two or more machines. 


Top speeds plus efficient operation 
make the Leesona No. 107 today’s 
outstanding coil winder for long runs 
of paper-insulated coils. Optional at- 
tachments like these adapt its abilities 
to your coil-winding problems: 
Short Paper Attachment 

Gives you tight winding and greater 
coil density in round coils with mini- 

or insert | | F 15%" 
mum paper insert length of 1%". 
Winds compact coils on arbor diam- 


eters as small as 14” 
paper overlap. 


insuring correct 


Paper Miss Detector 

futomatically stops the machine in 
case of paper miss, on both standard 
and short paper winding operations 
leaving operator free to run two or 
more machines! 


Space Wind Attachment for 
High Voltage Coils 
Automatically winds spaced turns 
for a given width on specified layers 
control. Also auto- 
matically spaces approximately two 
turns at each end of a layer to insure 
238.8.5 


by electronic 


! UNIVERSAL WINDING COMPANY 


ox <> 


NOVEMBER 1958 


FOR WINDING COILS IN QUANTITY ... ACCURATELY. . . AUTOMATICALLY 


... USE LEESONA WINDING MACHINES 
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against crossovers at the end of the 
traverse. 

If your business involves winding 
paper-insulated coils, you need the 
high accuracy and low cost of the 
Leesona No. 107 Coil Winder. Send in 
the attached coupon now, 


Universal Winding Company 

P.O. Box 1605, Providence 1 

Rhode Island, Dept. 1311 

Please send me: 

7 Bulletin on the Leesona No. 107 
Coil Winders. 

r— Condensed catalog of 

Lt Leesona Winders. 








HEAVY DUTY RELAYS 
GREATEST Control 


f; 


Versatility Ever Offered 


600 VOLTS AC © 10 and 15 AMPS @¢ 2, 3, 4, 6 or 8 POLES 


‘ OPTIONAL 
{ PLUG-IN 
RECEPTACLE 


¢ RUGGED and RELIABLE . . . with exceptional electrical and me- 


chanical life. Simple construction for easy maintenance. 


@ OPTIONAL PLUG-IN RECEPTACLE .. . allows fast replacement 
of relay without disturbing wiring. Minimizes down-time on 


high-output machines. 


FAST, EASY COIL REMOVAL .. . just remove 2 screws, swing 


coil to front and lift out entire assembly. 


SIMPLE CONTACT CONVERSION . . . from normally-open to 
normally-closed. No tools needed. 


MOST VERSATILE LATCHING ATTACHMENT .. . 


exclusive 


with A-H. Only attachment that converts in the field from 
“latch-in” to “latch-out” or “latch in-and-out.” 


OPTIONAL 
LATCHING 
ATTACHMENT 


AVAILABLE . . . with AC or DC holding coils. 


For free copy of the 8-page Heavy Duty Relay Catalog 
Section, write to The Arrow-Hart & Hegeman Electric Co., 


Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW =—- HART OF HARTFORD 


WEIGHT 
4 Ibs. approx. 
TYPES “IMP” AND “FMP” 
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wave input. Switching the input to the internal calibrator 
then gives the readings from that source when the 
sensitivity of the instrument has been standardized. 

Many electrical manufacturers have found that once 
the overall picture of radio influence voltage has been 
established for a particular device over a wide frequency 
range, it is sufficient from then on to check additional 
production at only one frequency. Such production 
checks are frequently made at 1 mc with the instrument 
operating from an a-c power line to conserve batteries. 

For this type of service the new Model 32-F radio 
noise meter shown in Fig. 3 is fix-tuned at 1 mc. No 
curves or charts are required and the only calibration 
figure involved is marked on the meter scale. Because 
it is intended primarily for conductive measurements of 
RIV, a dummy antenna is built into the instrument. 

Input voltages of from 1 to 100,000 microvolts may 
be measured with the instrument, which has two meter 
scales. Three different time constants are selectable by 
a switch. These time constants correspond to the old 
10/600 and new 1/600 American Standards and also 
to the European 1/160 response. 

The influence of various diode time constants can 
therefore be readily observed and their importance with 
respect to the device being tested may be evaluated. It is 
hoped that this simplified instrument will encourage a 
more complete check on the production of electrical de- 
vices because of the speed of noise measurement at this 
key frequency. O00 
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Frequency-Division System 
for Pushbutton Telephone 


(Continued from page 192) 





model the received information is merely displayed on 
indicating lamps. 

The drop in line current produced whenever a push- 
button is depressed is used to control a relay closure 
which briefly provides for recognition of the a-c signals. 
When the line current decreases, it produces a rise in 
voltage across the blocking capacitor of the line circuit. 
This rise is differentiated and the resulting pulse of lim- 
ited duration is applied to the base of a transistor, which 
is thereby energized to operate the relay for a period 
of about 40 millisec. This operation is delayed a few 
millisec by the capacitor shunted across the relay wind- 
ing in order that any prior excitement of the tuned 
circuits may have time to decay before enablement. 
Enablement is thus made to occur only at a time when 
the station set transmitter is short-circuited, a proper 
signal is being sent, and the selective circuits are free of 
extraneous energy. It follows that all unwanted signals, 
except possible rare accidental bursts, are precluded and 
talk-off protection is made substantially absolute. One 
exceptional condition is the sending of an enabling pulse 
(d-c step) by an accidental switchhook operation having 
too short a duration to lose the call. Such enablement is 
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not troublesome as the set, disconnected from the loop 
by the same action, cannot send an interfering signal. 

Each of the two channels emerging from the cutapart 
filter is applied to a symmetrical amplifier-limiter which 
provides, for a certain time, a substantially square wave 
of constant amplitude having the fundamental frequency 
of the received signal. This square wave affords a con- 
stant-amplitude drive for the tuned circuits, a technique 
employed also in the limiting amplifier of the tone ringer. 
An important feature of the limiter is that, whenever the 
wanted signal is at least slightly larger than any existing 
interference, the well-known effect of limiter capture 
tends to discriminate in favor of the wanted signal and 
thus aids in selectivity. 

The group of eight (or ten) tuned circuits may employ 
simple adjustable coils similar to those used in the sta- 
tion set. The outputs of these circuits are connected to a 
translator comprising a diode matrix which transmits the 
output of any one tuned circuit to two of five trigger cir- 
cuits. In this manner the one-out-of-eight party (or one- 
out-of-ten digit) indication is translated into a two-out- 
of-five code with a resultant reduction in the required 
number of triggering devices. 

Each trigger circuit consists simply of a_ suitably 
biased thyratron, with its anode voltage supplied through 
a contact of the relay in the enabling circuit. When fired, 
the thyratron operates a register relay. It is extinguished 
when voltage is removed by the enabling circuit. 

An essential feature of this trigger device, or of alter- 
native circuitry, is that it must provide a fairly sharp 





drop in input impedance at or slightly above the trigger- 
ing threshold, even when actual triggering is not enabled. 
This change in impedance (afforded by the grid-cathode 
diode of the thyratron) “bumps” the tuned circuit, re- 
stricting its amplitude to little more than that required 
for triggering. As a result, the storing of excess energy 
in the tuned circuit is prevented, and the period of its 
decay below triggering threshold, after transmitter dis- 
ablement, is made very short. 

Figure 8 shows the waveforms at the central office 
corresponding to those at the station set as shown in 
Fig. 6. This figure also summarizes the action of the 
receiver in registering a signal. The diagram for the 
cutapart filter shows random output in the first portion 
of the off-hook period resulting from speech or noise 
components in its pass band. When a button is pushed 
the transmitter output ceases and is replaced by the 
damped digit or party pulse. Release of the button re- 
stores the random output. The tuned circuit diagrams 
show representative types of response to the “correct” or 
resonant frequency and to the “incorrect” or non-reso- 
nant frequency. It is assumed for illustration that the 
“incorrect” circuit happened to be excited to the “bump- 
ing” amplitude by a component of the transmitter output 
just before the transmitter was disabled and the dial 
signals began. An appreciable time is seen to exist be- 
tween the fall of the “incorrect” signal from, and the 
rise of the “correct” signal to, the bumping amplitude. 
Enablement does not occur before the correct signal has 
grown to the bumping amplitude. Oo0O°o 





Reliable — Low-Cost —-Durable 
The NEW Type “DR” Reversing 
Drum Switch 


WEIGHT 
1% Ibs. approx. 





For complete information on this new Type “DR” Reversing Drum 
Switch, write to The Arrow-Hart & Hegeman Electric Company, 
Dept. EM, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW - HART OF HARTFORD 
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. Easy-To-Read Name Plate. 


. Easy Conversion from Maintained to 
Momentary Contact. 


. Self-Centering Handle with Positive 
Spring Action. 


. Heavy, Silver Plated Contacts for Long 
Electrical Life. Fully Visible, Easily 
Replaceable. 


. Easy-To-Wire Terminals. 


. Simple, Rugged Construction for Long 
Mechanical Life. 


. Insulation Barriers Between Contacts Pre- 
vent Flashovers. 


CATALOG NO. DR-001: Size 00, has 3 poles 

arranged to break 2 lines to motor. Rated 1 

hp maximum at 115 volts ac, single phase 
. . or 220 volts ac, polyphase. 


CATALOG NO. DR-02: Size 0, has contacts 
arranged to break 3 lines to motor. Rated 1 
hp maximum at 115 volts ac, single phase 
to 2. hp maximum at 440-550 aot a ac, 
polyphase. 
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Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


on page 17. 





ADHESIVES 

Durez Plastics Div 
Corp., 1310 Walck Rd., 
N. ¥ 


Hooker Chemical 
N. Tonawanda, 

Houghton Laboratories. Inc.. Olean. N. Y 

Johns-Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. Ill 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn. 

ALUMINUM. See also Castings. 

Aluminum Co. of America, Alcoa Bidg.. 
Pittsburgh 19. Pa 

American Brass Co.. Waterbury 20. Cenn 

Cochran Foil Corp., Louisville 10. Ky. 

Reynolds Metals Co.. P.O. Box 1800-ED 
Louisville 1. Ky 


AMMETERS. See Instruments 


AMPLIFIERS, ELECTRONIC 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5. N. Y¥ 
Kearfott (Co..  Inc.. 
Clifton. N. J 
— Inc 
li 


1378 Main Arve... 


40 1 Verdugo, Burbank 


Magnetic. aeaes rs. Ir 632 Tinton Ave.. 
a: ; 


Nothelfer Winding Laboratories. P. O 

Dept. BM-8, Trenton 3, N. J 
175 Wyman, Waltham 54. 

Servenpeed Co.. Div 
Ine 


of Electro-Devices. 
Yodwin Ave.. i 


Paterson 1, } 
150 Varick. New 


v nited Transformer Co 
York N 


or! % *% A 
Vickers Electric Div.. 
Locust. St. Louis 8 
Westinghouse Electric Corp 
ter, Bidg. No. 3, 401 
Pittsburgh 30. Pa 
Weston Electrical Instru 
of Daystrom. Ine 
Ave.. Newark 5, N. 


ANODES, PLATING 
American Brass Co., Waterbury 20. Conn 
ase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp.. Waterbury 20. Conn 
Engelhard Industries nc American 
Platinum & Silver Div., 231 N. J. Rail- 
N. J 


road Ave.. Newark 
General Plate Div.. Metals and Controls 
Attleboro, Mass 


Vickers, Inc., 1803 
Me 

Gateway Cen- 
Liberty Ave., 


ment Corp., A sub 
Pa Frelinghuysen 


Corp., 1910 Werest, 
(Silver. Gold 
Handy RS ermen 2 Fsiton 
38 (Silver. Gola) 
m2, & Co.. C. G.. Pittsburgh 19. 


New York 
Pa 


ASBESTOS SLEEVING. Sve Sleeving and 
‘ape. Asbestos 


AUTOMATION EQUIPMENT 


Stromberg-Carlson, A Dir. of 
Dynamics Corp., 117 
Rochester 3, N. ¥ 


BALANCING MACHINES 

General Electric Co., Apparatus Sales Div., 
Schenectady 5. N 

Westinghouse Electric a Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


General 
Carlson Rd.. 


BALLS, BEARING 

~~ Ball & Bearing Co., 326 E. Hoover, 
Ann Arbor, Mich. 

SKF Industries, Inc., Philadelphia 82. Pa. 

BATTERIES, DRY 


ae! & Co., Inc., P. R., Indianapolis 


. Ind. 

National nm Co., oe A ile ae 
Union ° E. 42nd. 
- » 7 N.Y 

RCA Electron Tube =", Radio Corp. of 

America, Harrison, N 


BATTERY ELIMINATORS. See 
Supply Units; Rectifiers 


Power 


BEARINGS, BALL (Miniature) 


Miniature Precision Bearings, 
_ Precision F ie, 
of General 


611 
Motors 


Inc... 
tol, Conn. 
New Hampshire Ball Bearings, Inc., Peter- 


boroug 
United States Gasket Co., Plastics Div. 
Camden 1. 


of The Garlock Packing Co.. 
N. J 
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BEARINGS. BALL and ROLLER 
(Radial and Thrust) 
Hoover Ball & Bearing Co., 
Ann Arbor, Mic 
Departure Div. of General 
rp.. Bristol, Conn 
Nice Ball Bearing Co.. 30th & Hunting 
Park Ave., Philadelphia 40. Pa 
SKF Industries, Inc., Philadelphia 32. 


326 E. Hoover 


Motors 


Pa 


BEARINGS and BUSHINGS, 
LUBRICANT-RETAINING 


Amplex Div.. Chrysler Corp., Detroit 31 
Oak 


1621 Holland 


Mie 
Radio Cores, Inc., 9540 Tulley Ave.. 
Lawn, Ill. 
United States Graphite Co.. 


Saginaw 8. 


BEARINGS and BUSHINGS. 
(Brass, Bronze, Steel, etc.) 
Amplex Div., Chrysler Corp., 

31. Mich 
Bunting Brass 


METAL 


Detroit, 


and Bronze Co.. Toledo 1 
Ohio 
Chase Br ass & Copper Co., Sub. of Ken- 
oppe Corp Waterbury 20 
Mallors & Co., 
6. Ind 
United States Graphite Co 
Saginaw 8. Mich 


BEARINGS and BUSHINGS, 
NON-METALLIC 
Genera! Electric Co., 

catur 1 
National Carbon Co., Inc 
— Corp.. 30 E 
17 4 
National Vulcanized Fibre Co 
1. 


Inc., P. R.. Indianapolis 


, 1621 Holland 


Plastics Dept.. De 
A Dir. of Unior 
42nd, New York 


Wilming 


. 9540 Tulley Ave., Oak 


Spaulding Fibre Co., Inc., Tonawanda 
w gas 1 ew Corp.. Gateway Cen 
Bl 40 Liberty Ave., 


Pitts care ts Pa. 


BELLS 
Stromberg-Carison, A Div. of General 
Dynamic Corp.,_ 117 Carlson § Rd., 
Rochester 3. N 
Wheelock Signals 
Ave.. 


Inc., 


273 Branchport 
Long Branch, N. J 


BELT DRIVES. See Drives, Belt 

BERYLLIUM COPPER (Rod, Strip. Tube. 
Wire) 

Mallery & 


Ca, tee, BP. Ru 


Ind. 
Riverside- Alloy Metal Div.. H. 
Co., Inc., Riverside, N 


Indianapolis 


K. Porter 


BIMETALS. See Thermostatic 


BITS, SCREW and BOLT. 
Screw Keys and Wrenches 


Bimetals 


See Socket 


BLADES, FAN 

Torrington Manufacturing Co.. Torrington 
Conn 

BLOCKS, PILLOW 

New eye a Dir 
Bristol, Con 

SKF industries. 


of General Motors, 


Inc., Philadelphia 32. Pa 


BLOCKS. TERMINAL. See Strips. 
and Boards, Terminal 


Blocks 


BLOWERS. See Fans and Blowers. 
BOLTS. See Fasteners 


BOXES, METAL. See Sheet Metal Fabri- 
cators 


BRAKES, MAGNETIC 
Milwaukee 46, 

Cutler-Hammer, om 1264 St. Paul Ave., 

Eaton Mfg. Co., Dynamatic Div.. 3307 
Fourteenth Ave.. Kenosha, Wis 
Milwaukee 2 

Warner Electric Brake & Clutch Co.. 


Dings Brakes. amt. : os W. Electric Ave., 
Milwaukee 1, Wis. 

Stearns Electric —- 120 N. Broadway. 
Dept. EM. Beloit, Wis 


BRASS, BRONZE 
Commercial Forms). 
and Cable, Bare. 

American Brass Co., Waterbury 20, Conn 

lso Tobin Bronze, Chromium Cooper 
and Selenium opper Alloys) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20. Conn 

Driver Co., Wilbur B.. 1875 McCarter 
Highway. Newark 4, N. J 

y & Co., C. G., Pittsburgh 19, Pa. 
Corp.. Dept. F-4. 4730 Madison 
Cincinnati 27, Ohio (Copper Tub- 
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and COPPER (All 
For Wire, see Wire 


ing) 

Phelps Dodge Copper Products Corp., 
Park Ave.. New York 22, N 

Somers Brass Co., Inc., 110 meat iwin Ave., 
Waterbury. Conn. (Strip 


BRAZING ALLOYS, SILVER 


Chase Brass & Copper Co.. Sub. of Ken 
necott Copper Corp., Waterbury 20, Conn 
Genera! Plate Dis Metals and Controls 
Corp., 1910 Forest, Attleboro, Mass. 
Senay & Harman, 82 Fulton, New York 
& Co., Indianapolis 


Mallor> ine.. P. B.. 


BRONZE. See Brass 
Phosphor Bronze 


Bronze and Copper 


BRUSH CAPS 


Midwest Molding & ae Co 
yr Gurnee 96, 

Phoenix Electric Mfe 
Halsted, Chicago 13, lil. 


BRUSHES: CARBON, GRAPHITE. 
METAL-GRAPHITE 

National Carbon Co Inc A Div. of 
Tnion Carbide Corp., 30 E. 42nd, New 
York 17, N. 

Speer Carbon Co., St. Marys, Pa 

Stackpole Carbon Co., St. Marys. Pa. 

United States gga Co., 1621 Holland 
Saginaw 8, Mic’ 

Ww ng ge ge Corp., Gateway Cen 
ter. Bldg. No. 3, 401 Liberty Ave.. Pitts 
burgh 30. Pa 


123 Rotary 


Co., 3625 W 


BRUSH HOLDERS. See Holders, 
Commutator Brush 


BUSHINGS 

Bearings. See Rearings and Bushings 
Composition. See Plastics Molders 
Fibre. See Fibre, Vulcanized 
Glass. See Glass, Technical. 
Hermetic Seals. See Seals 
inals, Hermetic 

Mica. See Mica 

Porcelain. See Ceramics 
Rubber. See Rubber and Rubber Prod 

ucts 


CABINETS, SHEET METAL. 
Metal Fabr‘cators. 


and Term 


See Sheet 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CAMBRIC, VARNISHED. 
Insulating. 


See Fabrics, 


CAPACITORS 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 
Aerovox Corp., New Bedford, Mass. 
Allen-Bradley Co., 1316 8. second, Mil- 
waukee 4, Wis. 
Centralab, Div. of 
962K E. Keefe Ave., 
Erie Resistor Corp., 
Erie, Va 
Fanstee] Metallurgical Corp., 
cago, Ill. (Tantalum) 
Film Capacitors, Inc., 
New York 56, 
General Electric Co.. 
Schenectady 5. 
ITT Components Div, International Tele 
phone and Telegraph Corp., P.O. Box 
412, Clifton, N. J. (Tantalum) 
Jennings Radio Menetonuries Corp.. 
McLaughlin Ave., P Box 1278. 
Jose 8, Calif. 
Johnson Co., E. F., 
S. W., Waseca, Min 
Mallory & Ce., Inc., 
6, Ind 


Inc.. 
Wis. 
Div., 


Globe- Union 
Milwaukee 1, 
Electronics 
North Chi 
3405 Park Ave., 


¥ 
Apparatus Sales Div.. 


y70 
San 
hg Second Ave. 


P. R.. Indianapolis 


Ohmite 3613 Howard, 
Skokie, 

Radio C ondenser Co., 
den 

Sangamo Electric Co., Electronic Compe- 
nents Div., Springfield, 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Stackpole Carbon Co., St. Marys, Pa. 

fexas Instruments Incorporated, 6000 Lem- 
mon Ave.. Dallas 9, Texas 


Manufacturing Co., 
Ill. (Tantalum) 
Controls 


Div., Cam- 


GRAPHITE: 
Anodes, Bearings, 
Plungers, Rings, 


(Contacts, 
Dises, 
Seals, 


CARBON 
gee 
es, Plates, 
- ) 


Erie Resistor Corp., 
Pp: 


and 


Electronics Div., Erie 


Keasbey, N. J 

Marys, Pa. 

Marys, Pa. 
Co.. 142) 


a 

General Ceramics Corp.. 

Speer Carbon Co., St 

Stackpole Carbon Ce St 

United States Graphite 
Holland, Saginaw, Mich 


CASTINGS. ALUMINUM and 
MAGNESIUM, See also Castings, Die 

Aluminum Co. of America. Alcoa Bidg.. 
Pittsburgh 19, Pa. 


CASTINGS. DIE 
Aluminum Ce. of America, Bldg.. 
Pittsburgh 19. 
Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y. (Zinc) 
; Die Casting Div., N 
Madi- 


on. h 
Madison. Kipp c orp., 
10 
Merkle- Kort Gear 


Chicago 7, Ill 
New Jersey Zine 160 Front. New 
Yerk 38. N 


Alcoa 


214 Waubesa. 


Co., 211 N. Morgan 
Co., 

Y. (Zine Die Casting Al- 

loys) 


CASTINGS INVESTMENT 
International Nickel Co.. Inc., 67 Wall, 
New York 5, N. Y. (Nickel and Nickel 
leys) 


CATHODE RAY TUBES. 
Cathode Ray 


See Tubes. 


CEMENT, INSULATING and SEALING 


du Pent de Nemours & Co., (Inc.), E. I. 
Plastics Div., Polychemicals Dept.. Wil- 


mington 98, Del : 

Durez Plastics Div Hooker Chemical 
Corp., 1310 Walck Rd., N. Tonawanda, 
NY 


General Electric Co., Plastics Dept 
Decatur. 
Johns-Manville. Dutch Brand Products 
780@ Woodlawn Ave., Chicage 19. Ill. 
Zophar Mills, Inc., 112-130 26th, Brook 
_ =. 


yn 32 


CERAMICS 

Standard & Special Electrical 
Porcelain (low-volt) 

Refractory Porcelain 
High-voltage Porcelain 
Cordierite 
Zircon Porcelain 
Steatite (Lava) 
Titanates 
Cement-Ashestos 
Ferrites 
Alumina 


lain Co 3000 Corry \ve., 


Ohio (AB) 
Chattanooga 5, Tenn 


Akron Poree 
Akron 14 
American pare Corp., 
(CDEFC 
Centralab 
9623 E 
(Er 
Coors 
Cali 


Inc., 
Wis 


Globe-Union, 
Milwaukee 1, 


Div of 
Keefe Ave., 
Porcelain Co., 642 Ninth, Golden, 
f 


Ceramics Corp., Keasbey, N. J 
of America, Clifton Blvd., 
Clifton, N. J. (Glass Bonded Mica) 
New Jersey Porcelain Co., New York Ave 
and Plum, , &. Box 908, Trenton 5, 

N, J. 


2405 S. Concord Rd., Lafa 


Mycalex c orp 


Rostone C =. 
yette, Ind 
Square D Co.. 
Mich. (A) 
Stackpole Carbon Co., St 
Star Porcelain Co., 34 
Trenton 9, N. J. ( 
Wisconsin Porcelain Co., 
Praire, Wis. (ABF) 


Detroit 11, 


Marys, Pa 
Muirhead 


6060 Rivard, 


a) 
Ave., 


) 
122 Lincoln, Sun 


CHAMBERS, TEST 


Blue M Electric Co., 138th and Chatham, 
Blue Island, Ill. 


Cincinnati Sub-Zero Products, 3930 W. 8 
Reading Road, Cincinnati 28, Ohie 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 
Jefferson, Chicago 6, Ill. 


11A 8, 


CHOPPERS, ELECTRONIC 

Airpax Products o., Ft. Lauderdale, Fis. 

Oak Mfg. Co., 1260 N. Clybourn Ave., 
Chicago 10, Ill, 


CIRCUIT BREAKERS 

Airpax Products Co., Ft. Lauderdale, 

Allen-Bradley a 1316 8S, Second, 
waukee 4. W 

Crouse- Hinds Co., Syracuse 1, N. Y. 

Cutler-Hammer, Inc., 1264 St, Paul Ave, 
Milwaukee 1. Wis. 

E-T-A Products Co. of America, 5085 N. 
Biston Ave., Chicago 50, Ill. 


Fla 
Mil- 


ELECTRICAL MANUFACTURING 





oy, 


ry 


iy aah e ‘ 
TT dddedt | 
gaabiiavarit 


bass ‘ Avie 
SRPEEC ERC ONS 
SURGE V ORL OES 


SEREEC ODL EES 


Wide range of premix moldings by the Plastics Division of General American Transportation Corporation includes: automotive air conditioning cabinet for O. A. Sutton Corp., 
Inc.; Silvertone portable TV cabinet for Sears, Roebuck and Co.; air duct and glove compartment for a leading automobile manufacturer; vending machine air duct for Vendo Co. 


Premix moldings give you all three... quality, economy, versatility 


Like to market better products and cut costs at the same 
time? Then premix moldings are for you! 


When resins and reinforcing fibers are blended beforehand, 
more complex molds are not only possible but completely 
practical. Slots, grooves, holes, bosses and parts with varying 
wall thicknesses can be formed right in the mold. And 
whether the part is simple or complex, you'll get moldings 
with uniform strength and wall thicknesses. Premix moldings 


are improving products and cutting costs for a wide variety 
of industries using strong, rigid, reinforced plastics. 


Molders across the nation rely on Dow Vinyltoluene and 
Dow Styrene for top-quality premix moldings. They can 
help you to better products at lower costs. For the names 
of molders and suppliers, contact your nearest Dow Sales 
office or write to THE DOW CHEMICAL COMPANY, Midland, 
Michigan, Plastics Sales Dept. 2206]-2. 


YOU CAN DEPEND ON 
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WESTON INSTRUMENTS: STANDARDS OF 


STABILITY IN SCIENCE AND INDUSTRY 
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ELECTRIC A TACHOME TERS 


LET WESTON TACKLE 
YOUR TACH PROBLEMS 


The broadest line available! 
Best Design Engineering service! 


Weston Electrical Tachometers are characterized by 
simplicity of design, flexibility of application, and 
reliability even under adverse operating conditions. 
Whether you wish to apply them to existing or 
original equipment . .. whether an indicating, record- 
ing and/or controlling function is called for 
whether you wish to measure speed, speed ratio or 
speed differential . . you'll find the best answer to 
your tach needs in the Weston Catalog, the best solu- 
tion to your tach problems with Weston’s expert 
design engineering staff. 

Weston Catalog D-9 covers A-C and D-C gener- 
ators, self-contained and bearingless; voltage-respon- 
sive and frequency-responsive networks; indicators, 
recorders, recorder-controllers and accessories. For 
your copy, or for information about engineering 
assistance, call your local Weston representative, or 
write: 

Weston Instruments, Division of Daystrom, Inc., 
Newark 12, N. J. Jn Canada: Daystrom Ltd., 840 
Caledonia Rd., Toronto 10, Ont. Export: Daystrom 
Intl., 100 Empire St., Newark 12, N. J. 


Jake ald Cc Creston 
cnusually [se (prctotyfpe sernwite $ 
WESTON 
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General Electric Co., Apparatus Sales Div., 


Schenectady 

Heinemann Electric “Co. 99 Plum, Tren- 

ton N. J. 

Spencer’ Div., Metals & ga Corp., 
3610 Forest, Attleboro, 

Square D Co., 4041 N, Richards, 
kee 12. Wis 

Westinghouse Electric Corp., Gateway Cep- 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Milwau- 


CIRCUITS, ETCHED, PRINTED, ETC. 

American Lava Corp., Chattanooga 5, Tenn, 

Centralab. Div. of Globe-Union, Ine., 
962K E. Keefe Ave., Milwaukee i, Wis. 
536 W. Mt. Pleasant Ave., 

Route 10, Livingston, N 

~~ —* Corp., Electronics Div., 

e 

Mycalex Corp. of America, Clifton Blvd., 
Clifton, N. J. 

Nerthern Plastics Corp., Second & Mar- 
ket, La Crosse 5, Wisc. 

Photocircuits Corp., Glen Core, oe, 

RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J, 

Sprague Electric Co., 307 Marshall, 
Adams, Mass. 

United States Gasket Co., Plastics Div. 

of > a Garlock Packing Co., Camden 1, 


Daven Co., 


North 


CLAMPS and CLIPS, GROUND and 
TEST 
Burndy 
Conn 
Ilsco Corp., Dept. F-4, 4730 Madison Rd., 

Oni 


Cincinnati 27, 
Sherman Manufacturing Co., H. B., Battle 
28 Butler, 


Corp., Omaton Div., Norwalk, 


Creek, Mich. 
Thomas & Betts Co., 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Syca- 
more, 

Weckesser Co., 5256 N., 
Chicago 30, Ill. 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Inc., 112-130 26th, Brook- 
lyn 32 iH 


Inc., 


Avondale Ave., 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, In- 
sulating. 


CLOTH TRACING. 
Film and Paper. 


See Tracing Cloth, 


CLUTCHES, ELECTRIC 


Cutler-Hammer, Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis. 

Dings Brakes, Inc., 4713 W. Electric 

A or 46, Wis. 
ton , Dynamatic Div., 8807 
Fourteenth Ave., Kenosha, Wis. 

Fawick Airflex Div. Fawick Corp... 9919 
Clinton Rd., Cleveland 11, Ohio 

Radio ead Co., Controls Div., 
den 3, 

Stearns Blectrte Corp., 130 N. Broadway, 
Milwaukee 2, Wis. (Magnetic) 

Vickers Electric Div., Vickers, Inc., 1803 


Mmuis Mo. 
Brake & Clutch Co. 
EM, Beloit, Wis 


Cam- 


Dept. 


COAXIAL CABLE. See Wire and Cable, 
Insulated 


COIL CORES and FORMS 

American Lava Corp., Chattanoega 5, 
‘enn. 

Cleveland Container >. 6201 Barberton 

Ave., Cleveland 2, 
Continental-Diamond Fibre, 

T Budd Co., Newark 13, x 
Cosmo Plastics Co., 3239 W. 14th, Cleve- 
Ohio 

Corp, of America, 50 8 
Saugerties, he 3 

149 Beechwood 


Reproducer 
a America, Clifton Bivd., 


and 9, 
Ferroxcube 


Mycalex Corp. 
Clifton, N 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Paramount Paper Tube Co., 612 Lafay- 
ette, Fort Wayne 2, Ind. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill 

Stackpole Carbon Co., St. Marys, Pa. 
(Screw-type, Molded Iron) 

United States Gasket Oo., Plastics Div, of 
7, Packing Ce., Camdea 1, 

COILS and WINDINGS 


Acme Wire Co., 1255 Dixwel) Ave., New 


Haven 14, Conn 
Anderson Controls, Inc., 9959 Pacific Ave., 
rk, 
2836 18th Ave., 


Franklin Pa 
Audio Development Co., 
South Minneapolis 7, Minn. 
Caledonia Electronics & Transformer Corp., 
Dept. EM-9, Caledonia, N. 
Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill 
Coto-Coil Co., Inc., 63 Pavilion Ave., 
Providence 5, R. I. 
Cutler-Hammer, Inc., 1264 St. 
93 Main Winsted, 
1300 First, Wabash, 


Paul Ave., 
Milwaukee 1, Wis. 
nc 

Dormeyer Industries, 3424 Milwaukee Ave., 


Dano Electric Co., 
Conn. 
Deluxe Coils, Inc., 


Co., Apperatus Sales 
» on 


Div., Schenectady 5. 


Gries Repreducer Corp., 149 Beechwood 
Ave., New Rochelle, N. 


Ilsco Corp., . F-4, 4730 “Madison Rd., 
Cincinnati Ohio 
Nothelfer Laboratories, Pp. O. 
Box 455, EM-8, Trenton a v. J 
RCA Electron Tube Div., Radio Corp. of 
America, Harrison, N. J. 
Standard pg Products Co., 2240 E. 
8 


Ohio 
Daten Works, 11A 
Chicago 6, 


WwW inding 
Dept 


Jefferson, 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc., 
Conn 

Fort Wayne Tool, Die & Myieoming So. 
1025 Goshen Rd., Fort Wayne, Ind. 

Stevens Manufacturing Co., Inc., George, 
6022 N. Rogers Ave., Chicago 30, Il. 

Universal Winding Ce., P. O. Box 1606. 
Providence 1, R I. 


Danbury. 


COLD HEADED PARTS. See Fasteners 


COMMUTATORS 


Mectse Tec Corp., South Hackensack, 
Z. 
4855 W 
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Kirkwood Commutator Corp., 
130th, Cleveland 11, Ohio 

Midwest Molding & Mfg. Co., 
Dr., Gurnee 96, Til. # 

Nippert Electric ‘products Co., 1759 W 
Mound, Columbus 23, Oh 

Toledo oa ga Co., 
Owosso, Mict 

Westinghouse Blectric Corp., 
ter, Bldg. 3, 401 
Pittsburgh 2 Pa. 


° 
South Chestnut, 


Gateway Cen- 
Liberty Ave., 


COMMUTATOR SAWS and SLOTTERS 
Holub Industries, Inc., 445 Elm, Syca- 
more, Ill 


COMPARATORS, OPTICAL 


Bausch & Lomb Optical Co., 
Paul, Rochester 2, N. Y. 


S4717 St. 


COMPOUNDS, SEALING. See Cement, 
Insulating and Sealing; also Waxes and 
Compounds 


COMPOUNDS, VARNISH. See Varnishes. 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


Aigpen Products Co., Fort Lauderdale 
Erie Resis- 


6006 


Erie “electro- Mechanical Div., 
tor Corp Erie 6, Pa 
Texas Instruments Incorporated. 
Lemmon Ave., Dallas 9. Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 

Buchanan Electrical Products Corp., 225 
Route 22. Hillside. N. J. . 

Crouse-Hinds Co., Syracuse 1, N. Y. 


CONNECTORS, PRINTED CIRCUIT 
Amphenol Electronics Cerp., 1830 8S. 54th 
e., Chicago 50, Ill. 


CONNECTORS, WIRE and CABLE 

AMP Incorporated, 5284 Eisenhower Bivd.. 
Harrisburg. Pa. 

American Brass Co., 

Amphenol Electronics Cerp., 
Ave., Chicago 54, 

Buchanan Electrical 
22, Hillside, N. 

a 4 Corp., 


Conn. 
Cannon Electric Co.. Dept. 500, 
Humboldt, Los Angeles 31, Calif. 
Crouse-Hinds Co., Syracuse 1, N. 
General Electric Co., onaraseee “Ma- 
terials Div., Bridgeport 2. 
Holub Industries, Inc., 445 
more, Ill. 
Hubbell, Inc., 
mage Corp.. Dept 
d.. Cincinnati 27, Ohio. 
Johns- Mamvae. Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. Ml. 
Johnson, Co, EB. F. asst Second Ave.. 


Waseca, Min 
i & Hudepohl, ‘Toss Evans, Cin- 


cinnati 4. Ohio 

Mi , Inc., 220 Pasadena Ave., So. 
Pasadena, Calif 

Sherman Manufacturing Co, H. B.. 
Battle Creek, -_< 

Switchcraft, we N. 
Chicago 3 

homas & Betts -o |=‘Eme.. 
Elizabeth 1. N. J 


Waterbury 20, Conn. 
1830 8. 54th 


225 Route 
Norwalk, 
3209 


1, 
Produets, 


Omaton Div., 


Conn. 
Em. Syca- 


Harvey, Bridgeport 2. Conn 
F- 4730 Madison 


Elston Ave., 


28 Butler, 


CONTACTORS, MAGNETIC. See Relays 
and Contactors, 


CONTACTS and CONTACT POINTS 
“e- Sigg C. S.. 318 Washington, Mt. 
8111 Monti- 


Baker Contact 
East Newark, 


P. 
“Metallurgical Corp., North Chi- 
Plate Div., Metals and Controls 
Forest, pigenere, 6, 
Gibson Electric Co., Old Wm. Penn High- 
way, a a. 
a es Hey .. Inc., P, B., Indianapolis 
Stackpole Carbon Co., St. 


Ver 
Deringer "Metallurgical Cere.. 
cello Ave., Skokie 
Engelhard industries, _»% 
Div., tid Grant Ave., 
Harri y 
Fansteel 
cago, 
General 
Corp., 1910 


Marys, Pa. 
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SWITCHING TRANSISTORS 
from Sylvania 


designed to give you this same 
reliability you’ve come to expect from 
Sylvania’s full line of NPN types 


Here Is an important line of PNP switching transistors 
to complement Sylvania’s line of NPN types. Manufac- 
turing techniques developed for producing high-tem- 
perature stability in NPN types have been incorporated 
in these new PNP switching transistors. For designers 
this means the high reliability and stability synonymous 
with Sylvania NPN types, and permits circuit designs 
which take full advantage of the complementary aspects a eer ee 40 
of NPN and PNP. 30 20 20 25 

These transistors feature a new hermetically sealed ~30 —20 -18 3.0 
inverted base TO-5 package which offers better heat —30 -2 | —-15 5.0 
dissipation to easily provide up to 150 mw at 25°C. -30 | -20 | -12 10.0 

Electrical, mechanical, and environmental tests ap- . 2 
plied to these PNP transistors are in accordance with Ceagesene eS ie 
MIL-T-19500A. 


SyLvania ELectric Propucts Inc. 
1740 Broadway, New York 19, N.Y. 
In Canada: P.O. Box 1190, Station ‘‘O” 
Montreal 9 
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pis? 


adjustment 
requirements 
eliminated 
on Magnetic 
Disc Brakes 
rated 125 to 
575 Ibs. ft. torque 


SELF-ADJUSTING BRAKES 


Think of the maintenance money you’ll save! 


No 


adjustment for wear is required on these new 


Dings ‘‘90M Series”’ 


magnetic 


Disc Brakes, even 


in the higher torque ratings. They automatically 
adjust for wear, practically eliminating mainte- 
nance until disc replacement is necessary. 


High thermal capac 
Dings Brake feature. I 


ity 


is another welcome 


t means that Dings can 


give you brakes for combination brake-motors 
for high inertia loads or high frequency starts 


and stops. 

Other 
Shaft”’ 
closures, 


ard length NEMA shaft 


outstanding features include: 
construction, standard and protected en- 
automatic reset manual release, 


““Thru- 


stand- 
extension for hub mount- 


ing, Hevi-Duty discs, Taper-Lock non-slip hub, 


A.C. and D.C. 


coil energization. 


Dings new Self-Adjusting Brakes are designed 


for “ 


C” flange motor mounting on frames 324UC 


through 505C, or for foot mounting. 


Dings Complete Line 
Solves Your Brake Problems 


STANDARD Direct-Acting 
MAGNETIC DISC BRAKES 


18 Models of Dings Standard 
Magnetic Brakes, with a torque 
range of 1'/ to 175 lbs. ft., 
meet every requirement for 
smooth stops and dependable 
holding, with low maintenance. 
Available for ‘‘Thru-Shaft’’ 
applications. 


MAGNETICALLY 
This 


low-inertia, 
clutch coupling utilizes serrated 


HAZARDOUS-LOCATION 
MAGNETIC DISC BRAKES 


Dings Hazardous-Location fea- 
tures are tested and approved 
by Underwriters Laboratories. 
The ‘‘707"’ Series models are 
for Class |, Group D. The 
709" Series are for Class |, 
Groups C and D, and Class II, 
Groups E, F, G. 


ENGAGED CLUTCH COUPLINGS 


positive engagement 
teeth 


for transmitting high torques without slip- 
page. Meets a wide range of applica- 


tions, 


32,000 


with ratings from 1200 through 


Ib, ft. torque. DB-258 1, 


Take advantage of Dings complete engineering service for 


your brake or clutch problems. 


Write or phone today. 





ee 


DINGS BRAKES, Inc. 


A Subsidiary of Dings Magnetic Separator Co. 


4713 West Electric Ave., Milwaukee 46, Wis. 
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Themen Mfg 

Valtham 54, Ma 

Ulenet Co.. Geerse,. 
N J 


Co., a L., Dept. D.. 


*420 Market. Newark. 


CONTACTS. CARBON. 
Graphite 


See Carbon and 
CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1. N. J. 


CONTOUR PROJECTORS 


Bausch & Lomb Optical 
Paul, Rochester 2, N. Y. 


Co., 84717 St 


CONTRACT MANUFACTURING 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., W aterbury 20. Conn. 

Curtis Development & Mfg. Co., 3266 N 
38rd, Milwaukee 16, Wis 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohic 

Merkle-Korff Gear Co.. 21 N. 
Chicago 7, Ill 

Stromberg-Carlson, A Div of 
Dynamics Corp., 1434 N 
Rochester 21, } A 


Morgan. 


General 
Goodman, 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 
waukee 1. Wis 
Arrow-Hart & 
Hawthorne, 
Automatic 8 


1316 S. Second, Mil- 


Hegeman Electric Co.. 103 
Hartford 6, Conn 
Co., 50-M Hanover Rd., 
N. J, 
Co., 1146 B. 152nd, 
yhi 
Syracuse 1, 
1264 St 


Crouse-Hinds Co., 

Cutler-Hammer Inc., 
Milwaukee 1, Wis 

Electro Products Laboratories Inc.. 450 
‘. Ravenswood Ave.. Chicago 40, Ill 

Fidelity Instrument Corp., 1000 E. Bound 
ary Ave.. York, P. 

Furnas Electric Co., 
Ill 


le 
Paul Ave 


a 
1024 McKee, Batavia 
General Electric Co. Sales 
Div., Schenectady 5, 
Hart Manufacturing Co 
Ave., Hartford 1. Conn 
Square D Co.. 4041 N 
waukee 12, Wis. 
Vickers Electric Div., 
Locust, St. Louis 3, 
Ward Leonard Electric 
Mt. Vernon. N. 


Apparatus 
211 Bartholomew 


Richards, Mil 


Vickers Inc.. 1803 


“ile. 34 South. 


CONTROLLERS, POTENTIOMETER 

Weston Electrical Instrument Corp 
sub. of Daystrom, Inc.. 614 Frelinghuy. 
sen Ave., Newark 5. N. J 

Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, Ill. 


cesreets, FLOAT Fa LIQuID 
LEVEL. See Swite 


and TEMPER.- 


Switches 


CONTROLS PRESSURE 
ATURE. See also Relays, 
Thermostats 

Allen-Bradley Co., 1316 8 
waukee 4. Wis 

Barher-Colman Ce 
Il 


Second, Mil 


1803 Rock, Rockford 
Bourns Laboratories, P. O. Box 21! 
Riverside, Calif 
Cutler-Hammer Inc., 
ae eee 1, Wis 
G ontrols, Ine., 8 
Orange, N. J. 
Electric Co., 
Schenectady 5 ° 
Hart Manufacturing Co., 211 
Ave.. Hartford 1, Conn 
Robertshaw- Fulton Controls 
Div Columbus 16, Ohio 
Spencer Div Metals & Controls 
3610 Forest, Attleboro, Mass 
Square ID (¢ 404 1 N. Richarc is 
kee 12. Wi 
Weston Electrical 
sub, of Daystrom Inc 
sen Ave., Newark 5, N 
we ge ear Div.. 
0., 14 Rock, Rockford, 
white Rox oe St. Louis 6 
Wiegand Co.. Edwin L 
Bivd., Pittsburgh 8, a 


1264 St. Paul Ave 


Hollywood Plaza 
Apparatus Sales 
Bartholomew 
Co., Acro 
Corp., 
Milwau- 


oorgar ye Corp., 4 
14 Frelinghuy- 


Barber-Colman 
I 


Mo 
7530 Thomas 


CONTROLS, REMOTE. See Push Button 
Stations; Relays and Contactors: 
Switches 

SERVO. See Servomecha 


CONTROLS, 
nisms 
COPPER. See Brass, Bronze and Copper 


COPPER, BERYLLIUM 
Copper. 


See Beryllium 


CORD and TWINE, ARMATURE and 
COIL 


Insulation Manufacturers Corp.. 565 W 
Washington Bivd., age ol 6. 

Westinghouse Electric Co G 
Center, Bldg. No. 3. 401 "Diberty 
Pittsburgh 22, Pa. 


ateway 
Ave 


CORD. INSULATED. 
Cable, Insulated 


Varflex Corp., 504 W. 


See Wire and 


Court. Rome, N. Y 


CORD, RESISTANCE LINE. 
ance Line Cords 


See Resist 


CORD SETS 


Belden Manufacturing Co., 
Buren, Chicago 44, Il. 
‘ircle F Mfg. Co., 

‘ Coraish Wire Co., 
York 7. 4 

‘ords Ltd. iv. , Essex Wire Corp., 
Dodge. Deksi b, Ill 


4633 W. Van 


Trenton 4, N. J. 
Inc., 50 Church, N 


Electric Co., Construction Mate- 
Div. Bridgeport 2, Conn. 
Plastics Corp., 530 Boston Tpke., 

Shrewsbury, Mass. 

Royal Electric Corp., Pawtucket, R. I. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


CORES, POWDERED METAL. See Cores, 
Powdered Metal Products, 


General 


Transformer; 

CORES, REFRACTORY. 
CORES, TRANSFORMER 
Electric Corp, 3510 Water, 
\ 


See Ceramics. 


Cubs, 


Chattanooga 5, 


Acme 
‘\ 
Ameri an Lava Corp., 
Te 

Arnold Engineering Co., Marengo, Ill. 

General Ceramics Corp., Keasby, N. 

Indiana Steel Products Ce., Valparaiso, 

nd 

Magnetie Metals Co., at 21st, 
Camden 1, N. J 

Magnetics, 

Radio Cores Oak 
Lawn, Ill, 

Stackpole Carbon Co., St, Marys, Pa 

Thomas & Skinner., Inc, 1114 E. 23rd. 
Indianapolis 7, Ind. 

Westinghouse llectrie Corp., Gateway 
Center, Bidg, No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Hayes Ave. 


Box 391 Butler, 
9540 Tulley Ave., 


Inc Pa. 


Inc., 


COUNTERS. See also Instruments, Elec- 
tronic; Relays 

Rerkeley Div. of Beckman 
Ir 2200 Wright Ave., 


Instruments, 

Richmond 3, 
Calif 

Boesch Manufacturing Co., Inc., Danbury, 
Conn 

Eagle Signal Corp 

Kellogg Switchboard be 
6650 &. Cicero Ave., Chicago 38, Tl 

Production Instruments, Div. of General 
Controls Ce 8074 McCormick Bilvd., 


202 20th, Moline, Tl. 
and Supply 


Skokie, 1 
Veeder-Root, Inc., Hartford 2 
COUPLINGS, CLUTCH, 
COUPLINGS, FLEXIBLE 
Faton Mfg. Co.,PDynamatic 

Fourteenth Ave., Kenosha, 
Tavejoy Flexible Coupling 


Lake, Chicago 44, Ill 


Conn 
See Clutches. 


Div., 3307 


Co., 


Semi- 


a DIODES. See Rectifiers 
r; Crystal 


Transistors and 
Diodes 


CRYSTALS, QUARTZ 
RCA Electron Tube Div 
f America, Harrison, N 


Radio Corp. 
J 


See Computer Compo- 


DELAY LINES. 


DIAL LIGHT ASSEMBLIES. See Lights, 
Pilot and Indicator, 
DIALS and PANELS 

of Be 

Pr.o Box 


Instru- 
" Newport 


kmar 
458 
DIE CASTINGS. See Castings, Die. 
UNITS. 
Units 


HEATING See 


requency Heating 

DIE-SETTING TOOLS 

Wales-Strippit Co., 222 
_. 2 


sty he 


Buell Rd., Akron, 


DIES, PRECISION, LAMINATION ETC. 
Cleveland Tool and Die Co., 1620 Eddy 

Rd Cleveland 12, Ohio 
1740 


Sylvania ectric Products, 


Inc., 
Broadway, New York 19, N. ¥ 


Semtconducter; 
Diodes 


See Mlectifiers 


DIODES 
T and Crystal 


Transistors 

DRAFTING Sea and 
MATERIA 

Filmsort Co., ane 

Keuffel & Esser Co., Hoboken, N. J. 

Ozalid, A Div, of General Aniline & 
Film Corp., Johnson City, } Y 


River, N. Y. 


DRAFTING. poraanee 
IN 


MACH 
A Div. of General 
Johnson City y 


Orzalid, 


Aniline & Film 
Corp Y 


DRIVES, ELECTRONIC. 
Reducers and Drives, 


1264 St, Paul Ave, 
3307 
Sales 
Co., 
of Electro- Deviess, 
Inc., 4 Godwin Ave., Paterson, N, J. 
Westinghouse Electric Corp., 


Gateway 
Center, Bidg, No. 3, 401 Liberty Are, 
Pittsburgh 30, Pa, 


See also Speed 


Cutler- Hammer 
Milwaukee, 
Eaton Mfg. Co., 
Fourteenth Ave., 
General Electric 


Ine., 
vis, 
Dynamatie Div., 


Kenosha, Wis. 
Co., Apparatus 
5, N. ¥ 


Engine fy * 


Servospeed 


DUCTS, WIRING (Control! Panel) 
Spaulding Fibre Co., Inc., Tonawanda 
N.Y 


Taylor Electric, Inc., 15406 Dale, Detroit 
M 


23, Mich, 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 
DYNAMOMETERS 


Chatillon & Sons, 
York 38, N. Y. 


John, 85 Cliff, New 
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When water accumulates in an underground 
steam distribution system this pump goes to 
work. But during periods of heavy rain, the 
water rises and covers the pipes, giving off 
clouds of steam. Failures were frequent. Since 
rewinding to Class H specifications using 
UNION CARBIDE R-620 Silicone Insulating 
Resin, there has not been a single failure! 
Time and time again, where a motor is sub- 
jected to high temperatures, corrosion, over- 
loads, or dirt, the answer has been found in 
Class H insulation. 

You can easily give your rewind customers 
all the advantages of Class H insulation, be- 
cause R-620 Silicone Insulating Varnish is as 
simple to use as ordinary varnishes. For exam- 
ple, at 450 deg. F., a Class H motor would cure 


Unlocking the secrets of silicones 
Rubber, Monomers, Resins, Oils and Emulsions 


“Union Carbide” is a registered trade-mark of UCC. 


in less time than a Class B motor of the same 
size at 300 deg. F. The time consuming step-by- 
step curing cycles required by earlier materials 
are eliminated. 

UNION CARBIDE R-620 is easily adapted to 
your shop practice. You will find that it gives 
a hard, tough, yet flexible finish. The proper 
viscosity is built in, eliminating frequent sol- 
vent additions. No additional treatments are 
required to protect against moisture or corro- 
sive atmospheres. 

Find out more. Write for the booklets, “UNION 
CARBIDE Silicones for Dependable Service” 
and “More for your Silicones Dollar.” Address 
Silicones Division, Box KJ-6703, Union Car- 
bide Corporation, 30 East 42nd Street, New 


York 17, N. Y. 


1) Site). 
ref \-1=}|°) SILICONES 





TRADE- MARK 


Circle 313 on page 17 





low-cost” 
snap-acting 


SWITCHES 


DEVICES 


give all these advantages 


® More actuator types 
than before available, including hinged-lever. 
® New step-design 
for better resistance to moisture and dust. 
® Sealing for splash-proof operation, when requested. 


© thterchangeability with popular types 
of snap-acting appliance switches. 
® Quick-connect terminals 
for fast, secure electrical connections. 
® Two Unimax switch types, 
Aand WL, supply any demand 
for new, modern automatic- 
equipment switches. 
® High rating 
15 amp. 125, Type A— 


the basic switch, 
250 v. a-c. button actuator. 


Tye. pe AL — 
with integral leaf-actuator. 


Type AQ — with threaded sleeve 
for panel mounting. 


Type AJ — for panel mounting, with 
overtravel plunger 


Type AT — 
hinged-lever actuator 
for light operate force, 
long overtravel. 


Write today 
for information on 
Unimax precisicn switches. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 


Circle 314 on page 17 


Eaton Mfg. Co., Dynamatic Div., 33. 
Fourteenth Ave., Kenosha, Wis 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. 

Robbins & Myers, Inc., Springfield, Ohiv 

Westinghouse Electric Corp Jateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


ELECTRICAL SHEETS. See Steel, Elec- 
trical 


ELECTRONIC COMPONENTS 


itic headings 


See spe- 


ELECTRONIC TUBE 
(Bases, Caps, Lead-in Wires, 
ings, Welds, Etc.) 

American Lava Corp., 


Tenn 


COMPONENTS. 
Stamp- 


« 


Chattanooga 5, 


eee SHEETS. See Steel, Com- 
al Forms and Grades 


ENAMELS See Lacquers, Enamels, 
Paints and Varnishes, Finishing 


EYELETS and EYELETING MACHINES 


United Shoe Machinery Corp., Boston 7, 
Mass. 


FABRICS, INSULATING, (Sheets, Tapes, 
Yarns, Thread, Cord, Ete.) 
Glass Fiber, Varnished Cambric, Cottor 
Linen, Silk Asbestos etc ; 
Tape and Sheeting, Synthetic 
Tubing and Sleeving, Braided Fabric 
Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14, Conn. 
Continental-Diamond Fibre, A Sub. of 
The Budd Co., Newark 13, Del 
Cottrell Paper Co., Inc., 88 Purchase, Fal! 
River, Mass, 
General tric Co., 
Dept Coshocton, Ot 
Gudebred Bros. Silk e. ® ine. 
*hiladelphia 7 
Manufacturers Corp., 565 W 
Bivd., Chicago 6, Ill 
ievienlan Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace 
Irvington 11, N 
Johns-Manville, Box 14, 
N 


. ne Products 


12 8. 12th, 


New York 16 


Jouns-Manville, Dutch Brand Products 
7800 Woodlawn Ave., Chicago 19, Ill 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 

Paul 6, Minn 

Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. J, 

New Jersey Wood Finishing Co., Elec 
aes Insulation Dept., Woodbridge. 
N. J 

Varfiex Corp., 504 W. Court, Rome, N. VY 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


FANS and BLOWERS 

Air-Marine Motors, Inc., Amityville, N 

Ashland Electric Products, Ine., 32 
Queens Bivd., Long Island City s N 

Diehl] Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Som 
erville J 

Emerson Electric Mfg. Ce., St, Louis 21 


Globe Industries, Inc., Dayton 4, Ohio 
Heinze " — Co., 685 Lawrenee, Low- 
ell, 

Lau Blower Co. 
ton 7 i 
Robbins Myers, Inc., 

Spring ] 
Rotron Mf ec Inc 
Torrington Manufacturing Co., 
ton, Conn. 


2027 Home Ave., Day- 
Propeller Div., 


Woodstock, N. ¥ 
Torring 


FASTENERS (Bolts and Nuts; Leck and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Screws; Recessed Head 
Screws; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts ( 

Self-Locking Nuts (C) 

Sheet Metal Leck Spring Assembly Nutr 
>) 

Screw Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins, 
Studs and Special Parts (F) 

Captive Nuts (H) 

Cap Nuts (G) 

Spade Bolts (8S) 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of America, 2241-K Alcoa 
Bidg., Pittsburgh 19, Pa. (4) 

Atlas Screw & Specialty Co., 450 Broome, 
New York 18, N. Y. (ABCDEFGS) 

Bristol Co., Socket Screw Div., Water- 
bury 20, Conn. (A) 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 
(ABCF) 

Continental Screw Co.. New Bedford. 

. 

Delron Co., Inc., 5224 Southern Ave., 
South Gate, Calif, (A ) 

Elastic Stop Nut Corp. of America, Dept. 
R37-622, 23830 Vauxhall Rd., Union 
N. J. (ACDEN 

Fischer Special Manufacturing Co., 446 

ati 6, Ohio (AG) 
149 Beechwood 
N. Y. (GW) 
1128 Hendricks Cause- 
way, Ridgefield Park, N. J. (E) 

— ~ John, + 0. Box 2225. West- 

a Bolt & ‘Nut Corp., 127 Church 
New York 7, N. Y. (AB) 


MacLean-Fogg Lock Nut Co., 5535 N. 


‘wuivll, Chicago 40, 
Milford Rivet & Machine Co., Milford 
Conn. (BF 

National Co., Malden 48, Mass. (H) 
National Lock Co., Rockford, Ill, (A) 
or Shel 811 Airway, Glendale, Calif 
Sub. of United-Carr Fastener 
Mountainside, N. J 


Painut Co., 
Cae.. 66 Glen Rd., 
(c 

Parker Kalon  Div., 


General American 

Tans on Corp., Entin Rd., Clif- 
ton, N (AB) 

Russell, Burdsail & Ward Bolt and Nut 
Co., Port Chester, N, Y. (ABF) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 221 N. LaSalle 
Chicago 1, Ill. (C) 

Tinnerman Products, Inc., P. O. Box 6688 
Cleveland 1, Ohio (D) 

United-Carr Fastener Corp, Cambridge 
42, Mass. (ACDE) 


Lock and Snap Assemblies. (Door Panel 
Shelf Support and Mounting, ete.) 

Camloc Fastener Corp., 22 Spring Valley 
Rad Paramus, } J 

Simmons Fastener Corp.. 
way, Albany 1, N. Y. 


Pins — Cotter (F); Locking and Taper 
(G); Spiral Coil (M) 


1752 N. Broad- 


Atlas Screw & Bpectahy Co., 450 Broome 
New York 13, N, Y¥. (FG) 

Chase Brass & Copper Co. Sub. of Ken- 
necott Copper Corp., Waterbury 28, 
Conn. (F) 

Elastic Step Nut Corp. of America, Dept 

2330 Vauxhall Rd., Union, 


Groovy ds Corp.. 1128 Hendricks Cause 
way, Ridgetield Park, N . (Ga) 


Pre-Assembled Washers and Screws 

Atlas Screw « Specialty Co., 450 Broome 
New York 1 Y. 

Continental Screw Co., New Bedford, Mass 

National Lock Co., Reckford, Il. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, > 

United-Carr Fastener Corp., 
42, Mass. 


Cambridge 


Recessed Head Screws 

Atlas Screw & Specialty Co., 
New York 13, N. 

Bristol Co.. Socket Screw Div., 
20, Conn. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., W. aterbury 20, Conn. 

Continental Screw Co., New Bedford Mass. 

Elco Tool & Screw Corp., Rockford. Ill. 

Keystone Bolt & Nut Corp., 127 Church, 
Now York 7, N. Y¥. 

Milford Rivet & Machine Co., Milford 
Conn 

National Lock Co., Rockford, IIL 

Parker-Kalon Div., General American 
Zeamapertetion Corp., Entin Rd., Clif- 


ton, 
Russell, oo all & Ward Bolt and Nut 
Washington 


Co., aS Chester, N, 
Standard crew Co., 2701 
lL. 
Bub American 
20 N, Dear 


450 Broome, 


Waterbury 


Bellv ood, 


Co. of America, 2241-K Alcoa 
 Pittsb urgh 19, P. 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn. 

Chicago Rivet & Machine Co., 948 8. 
25th Ave., Bellwood, Ill, 

— ental Screw Co., New Bedford, 

Deriaaee Metallurgical Corp., 8111 Mon- 
ticello Ave., Skokie, ° 

Gries Reproducer . 149 Beechweod 
Ave., New N 

Hassall, Inc., John, P.O. Box 2225, West- 
bury » I, ° 

Keystone Boit_ & Nut Corp., 127 Church, 
New York 7, N : 

Milford Rivet & Machine Co., Milford, 
Conn, 

Russell, Burdsal] & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Thomson Mfg. Co., 
Waltham 54. Mass 


Judson L., Dept. D, 


Serews—Cap and Set, Machine (H); Self- 
Tapping (J) 

Allen Manufacturing Co., 133 Sheldon, 
Hartford 5, Conn 

Aluminum Co. of Amerie, 2241-K Alcoa 
Bidg., Pittsburgh 19, Pa, 

Atlas Screw & meen Co. 
New York 13, Y. 

Automatic and tm Manufacturing 
0. 252 Hawthorne Ave., Yonkers, 


, 450 Broome 


Bristol Co., Socket Screw Div., Waterbury 
20, Conn, (HH) 

Chase Brass & Copper Co., Sub. of Kenne- 
cott Copper Corp., Waterbury 20, Conn 
(HJ) 

Continental Bedford, 

ass, 

Delron Co., "Ine., 5224 Southern Ave., 
South Gate, Calif, (H) 

Hassall, Inc., John, P.O Te 2225, West- 
bury, L, L, N. Y. (HJ 

Hubbell, Inc., Harvey, Bridgeport 2, Conn. 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. 

Long-Lak Corp., 2018 Colorado Ave., 
Santa Monica, Calif. (H) 

Milford Hivet & Machine Co., Milford, 


Conn. (HJ) 
Moore, Inc., George W, 85 Beaver, Wal- 
Rockford, Ill. (J) 


tham 54, Mass. (H) 
General American 


National Lock Co., 
Parker-Kalon Div., 
a. i a Corp., Entin R@, Clif 
ton, N. J, (HJ) 


¥ rew Co., New 
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Cord Plug and Insert Molding—simple and easy—with the 


-., MOSLO DUPLIMATIC 


Designed especially for molding cord 
sets, and plastic items requiring inserts 
or multi-color molding, such as keys for 
business machines, the Model 11, 3- 
ounce Moslo DUPLIMATIC affords 
continuous operation. 

A dual lower mold allows a single 
operator to load one side while the other 
side is automatically molding. There is 
no lost time or waiting around on the 
part of the operator. 

he production output of a Moslo Illustrated are parts 

DUPLIMATIC exceeds that of a larger produced on the 
size competitive machine requiring 3 to 4 MOSLO DUPLIMATIC 
operators. 

Many outstanding electrical manufac- 
turers are producing a large percentage 
of the nation’s requirements in cord sets 
and grommets with DUPLIMATICS. 
For your own cord set and insert work, 
it will pay you to investigate the exclusive 
features of the Moslo DUPLIMATIC. 

We will be glad to arrange for a con- 
sultation and help you with your molding 
problems. Financing Plan available— 
Write or call today. 

Moslo 2-Station shifting 
table permits loading one 


side while parts are being 
automatically molded on 
the other side. 


MACHINERY COMPANY 


2445 PROSPECT AVE. + CLEVELAND 15, OHIO 
Circle 315 on page 17 





DON’T MISS THE 8TH NATIONAL 


EXPOSITION. a 


me pp NTERNATIONAL AMPHITHEATRE (SP) 


Where dependability | is vital 
RELIABILITY TESTING 
is @ must 


The proper functioning of complex sys- 
tems such as computers and guided mis- 


Rates ILL. 


YOU CAN USE 
\""pRorrr FOR |\ What’s new in plastics? Visit 


Fi ang NOV. 17-21 


PROFITS” ) the show and keep abreast of 
j this ever-changing industry. 
Nea —_/ See all that’s latest and best 


4. 

J . . new plastics you can use in 

your products. New equipment to speed production 

. find out how to make bigger profits through use 

of plastics. Write for free tickets now . . . use your 

company letterhead, please—the general public 
won’t be admitted. 


SPONSORED BY: 
THE SOCIETY OF THE PLASTICS INDUSTRY, INC. 
250 Park Avenue, New York 17,N. Y. 
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siles depend on HIGH RELIABILITY. 
Inland offers complete reliability programs 
ranging through specification engineering, 
vendor liaison, component performance 
data, reliability prediction and failure 
analysis. Included in our capabilities are 
fourteen immense automatically pro- 
grammed test chambers, each capable of 
handling tens of thousands of components 
with automated parameter readout sum- 
mary key punch consoles. These are the 
most extensive component reliability lab- 
oratories available to industry. 


INLAND TESTING LABORATORIES 


COOK TECHNOLOGICAL CENTER 
6401 OAKTON STREET, MORTON GROVE, ILL. 


1482 STANLEY AVENUE, DAYTON, OHIO 


Circle 317 on page 17 





ELECTRICAL PORCELAIN 


To your 
blueprints 
and 
specifications 


MADE BY DRY 
PROCESS METHOD 


New Jersey 
PORCELAIN 


COMPANY 


New York Ave. and Plum St., 
P.O. Box 908, Trenton 5, N.J. 


Circle 318 on page 17 





engineered to meet your needs 


Careful analysis and testing of your product together with 
experienced RAE Engineers is your assurance of the best 
motor for the job. RAE offers outstanding service and 
quality in a large variety of motors in voltages up to 250, 


and up to ¥, 


gear head cnitee combinations. 


r 
‘ 


g H.P. (higher for intermittent duty) with many 
Let us put our years of 


motor building experience to work for you. 


AC/DC Universal 

DC Shunt wound 

DC Series wound 

Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 


Send for the ‘‘RAE’’ 


prices. 


Reae MOTOR CORP. 


2009 Kewaunee St. ® Racine, Wis 


Circle 319 on page 17 


RAE 


q motors 


; service sheet. 
it will help you supply the dota 
necessary for recommendations and 


Kussell, LBurdsall & Ward Bolt and Nut 
Co., lort Chester, N, 

Set Screw & Manufacturing 
Main, Bartlett, Ill. (HB) 
Standard Screw Co., 2701 
Bivd., Bellwood, Ill. (H) 
United-Carr Fastener Corp 

42, Mass. (LJ) 


Co., 112 
Washington 
Cambridge 
Spacers 


Delron Ce Inc., 5224 
South Gate, Calif 


Southern Ave., 


Lock and Spring ‘(L) 
450 Broome 


Washers—Fiat (K); 
Atlas Screw & Specialty Co., 
New York 13, N. Y (KL) 
Auburn Manufa turing Co., 306-1 Stack 
Middletown, Conn, 
Chase Brass & Copper Co., Sub. of Ken 
Copper Corp Waterbury 20 
(KL) 
New Bedford 
(KL) 
» Plastics Co., 3 
Ohio (K) 
Delron Co., Inc., 5224 Southern Ave 
South Gate, Calif. (Washer-Nuts) 
Garrett Co., lue., George K Torresdule 
Ave, at Tolbut, Philadelphia 36, 
(KL) 
Keystone Bolt & Nut Corp., 
New ) 7, N. Y, (KL) 
National Washer Co., 40 Hermon, 
ewark 5, } J. (L) 
Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Kd., Mountainside, N, J 


239 W. 14th, Cleve 
127 Church 


(L) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Vort Chester, N. Y. 
Chompson-Bremer & Co., 
Machine and Foundry 
Salle, Chicago 1, Ill kL) 

United-Carr Fastener Corp., Cambridge 42 
Mass. (L) 


FELT 
Continental Felt Co., Ine., 
15th, New York 11, N. ¥ 
Western Felt Works, 4021-4139 W 
»., Chicago 23, Ill. 


Sub. American 
N. La 


22.26 West 


Ogden 


FIBRE, PHENOLIC. See Plastics—Mold 
ing, Laminating, Casting and Extrusion 
Compounds 

FIBRE, VULCANIZED. (Board, Sheet, 
Rod, Tubing) 

Continental-Diamond Fibre, A Sub. of 

| The Budd Co., Newark 13, Del 

l{nsulation Manufacturers Corp., 
Washington Bivd., Chicago 6, 

Nationa] Vulcanized Fibre Co., 
ton 99, Del 

Spaulding 
rn. ¥ 


565 W 
li 
Wilming 


Fibre Co., ln Tonawanda, 

Taylor Fibre Co., Norristown 37, Pa 

West Virginia Pulp and l’aper Co 230 
Park Ave.. New York 17, N ¥ 


FILTER ELEMENTS, POWDERED 
METAL 


Amplex Div., Chrysier Corp., Detroit 31 


Micn 
Radio Cores, Inc., 9540 Tulley Ave., Ouk 
awn, Ill 


FILTERS, RADIO 

\udio Development Co., 2836 13th Ave., 
Minneapolis 7, Minn. 

General Roar Co., Apparatus Sales 
Div., Schenectady 5, N, Y. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

| Sprague Electric Co., 
Adams, Mass. 

| Tobe Deutsehmann Corp., Norwood, Mass 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


307 Marshall, North 


|FINISHES, PRODUCT. See Lacquers, 

| Saamete, Paints and Varnishes, Finish- 
ng. 

| 

|FLUORESCENT, LAMP AUXILIARIES 
Includes Adapters, Ballasts, Componsa- 

| tors, Contre! Units, Starters a 

formers. For Resistors, see Re 

| Instrument and Radio; alse Capacitors. 

| Arrow-Hart & Hegeman Electric Co.. 103 
Hawthorne, Hartford 6, Conn, 
Chicago Standard Transformer Corp., 3501 

| Addison, Chicago 18, IIL. 

|}Circle F Mfg. Co., Trenton a. o 2 

| General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Sola Electric Co., 4688 W. 16th, Chicago 
50, 


ll. 
| Sprague Electric Co., 307 Marshall, North 
| Adams, Mass. 
}Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N, Y. 
|Westinghouse Electric Corp., Gateway 
Center, Bldg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


|FOOT SWITCHES. See Switches, 


| FORGINGS 

American Brass Co., Waterbury 20, Conn. 
Chase Brass & Copper Co., Sub. of Ken- 
Copper Corp.. Waterbury 20, 


| necott 
Conn 


FREQUENCY METERS. See Instruments 


eee sgetoans, MOUNTINGS and 
4 Corp., Omaton Div., 


McGraw-Edison Co. 
., 445 Elm, Sycamore, 


Norwalk, 


| Bussmann Mfg. Div., 
| St. Louis 0. 
j1 = Industries, Inc 


liseo Corp., Dept. F-4, 4730 Madison 
Kd., Cincinnati 27, Ohi 

dunes Div., Howard B Cinch Mfg. Corp., 
Chicago 24, Ill 

Multi Electric Mfg, Co., 4227 W. Lake 
Chicago 24, Ill 

Sherman Manufacturing Co., H. B., Bat- 
tle Creek ich 

Square 1) Co 6060 Rivard 
Mich 


Detroit 11, 


FUSES 


er = Corp Omaton Div., Norwalk, 


Mussa Mfg. Div., McGraw-Edison Co., 
Auis 7, Mo 

Genatal Electric Co. 
Div Schenectady 5, } 

Moyal Electric Corp., Pawtucket, R. 1 

Westinghouse Klectric Corp., Gateway 
Center, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Apparatus Sales 
a 


GAGES, PRESSURE 


and VA 


Electrical 

sub. of daystrom, Inc., 614 
huysen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co,, 1403 Kock, Rockford, Il. 


TEMPERATURE, 
CUUM 


Instrument Corp., 
Freling 


Weston 


GALVANOMETERS. See Instruments 


GAS GENERATORS, PURIFIERS ané 
INDICATORS 

Engelhard Industries, Inc., Chemical Div 
113 Astor, Newark 2, N. J 

GASKETS 

Auburn Manufacturing Co., 
Middletown Conn 

Chase Brass & Copper Co., Sub. of Ken 

Copper Corp., Waterbury 20, 


306-1 Stack, 


Chicago Rawhide Manufac ‘turing Co., 1279 
Elston Ave., Chicago 2 ll 
Crane Packing Co., 6424 “Oakton, 

Grove, Ill 
Electro Tec Corp 


Morton 


South Hackensack 


Johns Manville, Box 14, New York 16 


Plastics Div 


United States Gasket Co 
Camden 1, 


“4 — Garlock Packing Co., 
woes Felt orks 4021-4139 Ogden 
Ave Chicago "33 iT 


GEARMOTORS. See Motors 


GEARS and PINIONS 

Awplex Div., Chrysler Corp., 
Mirch 

Beaver Gear Works, Inc., 


Rockford, Il 
Continental-Diamond Fibre, A_ Sub. of 


Budd Co., Newark 13, Del. 
a 2 Medill 


149 Beechwood 


Detroit 31, 


1085 Parmele, 


Specialties, Inc., 2635 W. 

, Chicago 47, Ill 
Gries Reproducer Corp., 
Ave., New Rochelle, N : 
Merkle-Korff Gear Co., 211 N. Morgan, 


Chicago 7, Ill - 
Radio Cores. Inc., 9540 Tulley Ave., Oak 


Lawn, Ill 
United States Graphite Co., 
Saginaw 8, Mich P 
Westinghouse Electric Corp.. Gatewar 
Center. Bldg. No. 8, 401 Liberty Ave 
Pittsburgh 30, Pa 


1621 Holland 


GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 
Daven Co., 536 W. Mt. Pleasant Ave., 
Route 10, Livingston, N. J. 
Blectric Co., Apparatus Sales 
, Schenectady 5, 
General Electric Co., Electronics Div., 
Electronics Park, Syracuse 1, 
Howard Industries, Inc., 1720" 
Racine, Wis. 


GERMANIUM DIODES. See Rectifiers 
Semiconductor; Transistors and Cryste) 
Di 

GLASS-BONDED MICA 

Continental- Diemond Fibre, 
The 


Budd Co., Newark 13, Del. 
General Electric Co., Laminated Products 
I 


State. 


A Sub. of 


Coshocton, Ohio 
of America, Cliften Bitvd., 


Clifton, N, J 


OLAss- FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 


Hermaseal Co., 1010 Main, 
(Tubes) 


Elkhart, Ind 


(Plate and Wire) 
Chemical Div. 


GOLD, ROLLED 
Engelhard Industries, Inc., 
113 Astor, Newark 5, N. J. 
General Plate Div., Metals 
Corp., 1910 Forest, Attleboro, 
Handy & Harman, 82 Fulton, New York 
38. N. Y. 


GRAPHITE. See Carbon and Graphite 
GREASE, BEARING 


Dow Corning Corp., 
(Silicone) 


Midland, Mich. 


GRIPS and CLAMPS, STRAIN RELIEF 
Heyman Mfg. Co., Kenilworth 1, N. 
Walker Co., George, 118 Amsterdam Ave.. 


l’assaic, N. J, 
Weckesser Co., 5711 Northwest Highway. 
IL 


Chicago 30. 
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NEW AGASTAT* 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages 
@ Dial adjustment for ease and accuracy 
@ Five timing ranges, covering an overall! range of 
from 0.08 seconds to 15 minutes 
Timed intervals remain the same through re- 
peated readjustments 
Integral wiring diagram and calibration plate 
Measures only 4-9/16 x 2-9/16 x 2-5/8’ 
All contacts are flexible contacts 
Contacts are larger for fast heat dissipation 
Write for details and application engineer- 
ing assistance to Dept. A32- 1121. 


Elastic Stop Nut Corporation 
of America 





DIVISION 1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 


Circle 322 on page 17 


If you need a 
NEUTRAL PAPER, 


siete mmelUham-tolelent 


NMOSINEE 


MOSINEE 
PAPER MILLS COMPANY 
lel alzi- wae A Al-lerelal—iia. 


Circle 324 on page 17 





WIRES MARKED! 
Permanently... 


ig, 
/ \\ 
for marking 


bles, leads, ) 
aid tno Gamers i pews 
wires! SY 


METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 








TERMINAL TAGS are rapidly replacing obsolete string and paper identifi- 
cation methods—they mark the end of identification problems! Made of 
aluminum, steel, brass, or zinc, in a variety of styles and sizes. TERMINAL 
TAGS are easy to apply, and are used in the manufacture of aircraft, 
radios, telephones, motors, generators, etc. They can be stamped or em- 
bossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 
P.O. Box 9-254, Newport, Ky. 
PHONE CO 1-2035 











Dress Up Your Products 
with these 


NEW 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 NW. Monticello * Skokie, Ill. 





NOVEMBER 1958 Circle 323 on page 17 


Circle 325 on page 17 











MINIATURE anc 
SUB-MINIATURE MOTORS 


ACTUAL SIZE 





1-24 Velts— 
Up te 1/50 HP. 
Various Models 
e 1-6 volts 230-340 miliamperes / in Stock. 
e Permanent Magnet type motor / 
e 5000 r.p.m. on 12 volts } Motors to Your 
e Nylon bearings — ae 
quiet operation / Specifications at 
e No lubrication required Low Cost. 





Immediate Delivery f 


UNDER 20¢ 


in Quantities 


MOEN 


TRADING CO. 


ed. / 5 z 
/ Write for complete information. 


7 WEST 24th STREET 
New York 10, N. Y. 
AL 5-1488 


Ns 
Ba itt 





Circle 326 on page 17 








Ucerc¢ 


Moore offers you a fast, 
dependable and 
economical source for 
one or a million 


Moore Set Screws are precision- 
made and are backed by over 75 
years of design-engineering and 
manufacturing experience. They 
are of proper hardness for maxi- 
mum strength and life; they have 
accurate threads for secure lock- 
ing action; and they are quality 

controlled for consistent uniform- 
ity. You get fast delivery .. . off 
the shelf on standard items; two 
or three-day part shipments on 
specials. 

improve your product and 
maintain production schedules 

with Moore Set Screws. Engi- 
ne gring assistance available. 


Condensed Specifications 
jHeadless 

Slotted Head 
Size (dia. FO to %” 26 10%” 410%” 
\%, to 3” ie to 2%"| Y%tol” 


cup, oval, round, flat, 
cone, dog 











Lengths 





Points 





Materials | steel, brass, bronze, stain- 
less, aluminum, alloy 
steel, monel 








Special Heads — milled, slabbed, 
double slot, knurled. 


Miniature Headless—~0O, #1, #2, 
#3 sizes in a wide selection of 
metals, finishes, lengths and points. 


More prices are right . . . 
c 


Sefd for Detailed Price Catalog. 











‘el e);3 2m George W. Moore, Inc. 


ET SCREWS since 1880 
S 85 Beaver St., Waltham 54, Mass. 


Circle 327 on page 17 


GYROS 


Kearfott Co, 1378 Main Ave., Clifton, 
N. J. 


HARNESSES and ASSEMBLIES, WIRE 
ee Electronics Corp. 1830 8. 54th 


Ave., Chicago 50, 
Belden Mfg. Co., 4633 W. Van Buren, 
50 Church, New York 


Chicago 44, Ill, 
Cornish Wire Co., 
1711 W. Hub- 


Drake ‘Manufacturing Co., 
bard, Chica 22, Il 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Con 

Phalo Plastics Corp., 530 Boston Tpke., 
Shrewsbury, % 

Switchcraft, 5939 N. 
Chicago 30, Ill. 


Elston Ave., 


HEADPHONES and HEADSETS 

Automatic Electric Sales Corp., Northlake, 
li 

Stromberg-Carlson, A Div, ef General 


Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 


HEATING ELEMENTS and UNITS 
Anderson Controls, Inc., 9959 Pacific Ave., 
Franklin Park, Ill 
Cutler-Hammer, Inc., Paul Ave., 
Milwaukee 1, W 
McCarver 
Sales 


1264 St. 


is. 

Driver Co., Wilbur B., 1875 
Highway, Newark 4, N. J. 

General Electric Co., Apparatus 
Jiv.. Schenectady 5, ’N 

Still-Man Manufacturing Corp., 429-33 E. 
164th, New York 56, N. ?. 

Vulcan Electric Co., Danvers 2, Mas 

Watlow Electric Mfg. Co., 1362 Ferguson 
Ave., St. Louis 14, Mo 

Westinghouse Electric Corp., Gateway 
enter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 

Wiegand Co., Edwin L. 
Bivd., Pittsburgh 8, Pa 


7530 Thomas 


HEAT LIMITERS 
Bussmann Mfg. Div... 


St. Louis 7, Mo 


McGraw-Edison Co 


HERMETIC SEALS. 
minals, Hermetic 


See Seals and Ter- 


HIGH-FREQUENCY HEATING UNITS 
Genera] Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y 

Radio Receptor Co., Inc. 
Dir 240 Wythe Ave.. 


Semiconductor 
Brooklyn 


Giatieatnes Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


HIGH NICKEL ALLOYS. See Nickel and 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 
ai taps Molding & Mfg. Co., Gurnee 96, 
Myralex Corp. of America, Clifton Blvd., 
Clifton, N. J. (Glass-Bonded Mica) 

Phoenix Electric Mfg. Co., 3625 N, 
Halsted, Chicago 18, Ill. 


IMMERSION HEATER 
Heating Elements 


UNITS. See 
and Units, 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds, 


INDUCTION HEATING. 
quency Heating Units 


INFRA-RED LAMPS. See Lamps, 
deserent and Infra-red. 


See High-Fre- 


Incan- 


ee 
NG AND 


Pa S. Sons, John, 
a 


ELECTRICAL MEAS- 
TESTING 
85 Clif, New 


. Mt. Pleasant Ave.. 

Route 10, Livingston, N. J 

Electro Products Laboratories, inc., 4501 
N. Ravenswood Ave., Chicago 40, Til. 

Genera] Electric Co., Apparatus 

Div., Schenectady 5, N. 

Helipot Corp., Div. of Beckman Instru- 

P. O. Box 458, Newport 


55 E. 


Sales 


alif. 

Test Equipment Co., 
llth, New York 3, N. Y. 
National Pneumatic Co. Inc. 
Cabot Div., 
Mass. 
Phaostron Instrument 
151 Pasadena Ave., 


. Holtzer- 
125 Amory, Boston 19, 


& Electronic Co., 
South Pasadena, 


-, 70-31 84th, 

Radio Corp. of America, “Dept. 0-44, 
Bidg. 15-1, Camden, N. J. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas. 

Westinghouse Electric Com.. Gateway 
Center, Bldg., No. 3. 401 Liberty Ave., 
Pittsburgh 22, P 

Weston Electrical 
sub. of Daystrom, Inc., 
huysen Ave., Newark 5, 

Wheelco Instrument Div., Barber-Colman 
Co.. 1408 Rock, Rockford, Ill. 


Precision Apparatus Co., Inc 
Glendale 27, L. L, N. 


instrument Corp A 
614 0 


INSTRUMENTS. ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic; 
Recorders, Magnetic. 

a ay Div. of Beckman Instruments 
Inc., 2200 Wright Ave., Richmond 3, 


of Clevite Corp., 
Cleveland 14, Ohio 


Brush Instruments, Div. 
3405 Perkins Ave., 


536 W. Mt. 
Route 16, Livingston, N. J. 

Dumont Laboratories, he Allen B., 760 
Bloomfield Ave., Clifton, 'N.J. 

Hewlett-Packard Co., 4621M Page Mill 
Rd@., Palo Alto, Calif. 

General Electric Co., o poperates Sales Div. 


55 E. 11th, 


Daven Co., Pleasant Ave., 


Schenectady 5. 
Industrial Test Equipment Co., 
Yew York 3, 
Librascope, Inc., 46 EL Verdugo, Burbank, 
Po Amplifiers, Ine., 632 Tinton 
Ave., New York 55, N. Y. 
Radio Corp. of America, Dept. 0-44, Bidg 
-1, Camden 
me Co., Industrial Div., 
Waltham 54, Mass 
Varian Asso a 
Alto 23, 
Weston Blectri al Instrument Corp., A 
sub, of Daystrom, Inc., oi Frelinghuy- 
sen Ave., Newark 5, N. 


175 Wyman, 


Instrument Div., Palo 


INSTRUMENTS, LABORATORY 
STANDARD 

Chatillon & Sons, John, 85 Cliff, New 
for! - © 

Electro’ Products Laboratories, Inc., 4501 

Ravenswood Ave., Chicago 40, lil, 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 22, P 

Weston Electrical Instrument Corp A 
sub, of Daystrom, Inc., 614 Wratinatiay 
sen Ave.. Newark 5, J. 

Wheelco Instrument Div 
Co., 1403 Kock, 


* Barber-Colman 
Roc kford, In. 


INSULATING MATERIALS. See foliow- 
ing specific headings: 
Cement, Insulating and Sealing 
Ceramics 
Cork and Cork Compositions 
Fabrics, Insulating 
Felt 
Fibre, Vulcanized 
Glass-Bonded Mica 
Insulation, Wire and Cable 
Mica, Molded and Laminated 
Paper, Insulating 
Plastics, Molding, Laminating 

and Extrusion Compounds 
Plastics, Sheets, Rods and Tubes 
Rubber and Rubber Products 
Silicones 
Sleeving and Tape, Asbestos 
Tape and Sheeting, Synthetic Resin 
Tape, Friction and Splice 
Tubing and Sleeving, Braided Fabrie 
Tubing and Sleeving, Extruded Plastic 
Tubing. Paper 
Varnishes, Compounds and Resins, In- 
sulating 

Waxes and Compounds 


Casting 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 

American Lava Corp., Chattanooga 5. 
Tenn 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. L., 
Plastics Div. Polychemicals | Dept.. 
Wilmington 98, el 

Jeneral Electric Co., 
rials Div.. Bridgeport 2, Conn, 

Oronite Chemical Co. - 200 Bush, San 
Francisco 4, Calif 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 


Construction Mate- 


IRONS, SOLDERING. See 
Equipment. 


Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic 


JEWEL 
Lights, 
JOINTS, UNIVERSAL 


Apex Machine & Tool Co., 1042 8S. Patter- 
son Blvd., Dayton 2, Ohio 
Lovejoy Flexible Coupling Co., 

Lake, Chicago 44, Ill. 


KNOBS, CAPS and HANDLES 
Davies Molding Co., Harry, 1428 N. 


Wells, Chicago 10, 
Midwest Molding & Mfg. Co., 123 Rotary 
Dr ! 
7 N. Monticello Ave., 


LIGHT 
Pilot and 


ASSEMBLIES. See 
Indicator 


4802 W. 


.. Gurnee 96, 
Rogan Brothers, 802 
Skokie, IIL. 


LACQUERS. ENAMELS. PAINTS and 
VARNISHES, FINISHING 


Allied Research Products, Inc., 
~e. Monument, Baltimore 5, 4 

Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa 

Dow Corning Corp., Midland, Mich. 
(Silicone Resins and Varnishes). 

du Pont de Nemours & Co., (Inc.), E. 1. 
Finishes Dept., Wilmington 98, D 

Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 


4004-06 


LAMINATED METALS, onerous and 
ASE (Sheet, Tube and 
meee Co... c,s.. 320 W Ro Mt. 
Plate Div 
Corp., 1910 Forest, 
Handy & Harman, 
38, N. Y. 


N. 


Metals and hn tapaas 
Attleboro, Mas 
82 Fulton, New "York 


LAMINATED PLASTICS. See Plastics. 


LAMINATIONS, MOTOR and 
TRANSFORMER 
Magnetic Metals Co., 
2ist, Camden 1, N 
Magnetics, Inc., 


Hayes Ave. at 


Box 391, Butler, Pa. 


ELECTRICAL MANUFACTURING 





Phomas & Skinner, Inc., 
Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 

General Electric Co., Nela 
land 12, Ohio 

Westinghouse Electric 
Center, Bidg. No 
Pittsburgh 30, Pa 


1114 E, 23rd, 


Park, Cleve- 
Corp., Gateway 
3, 401 Liberty Ave., 


LAMPS, 
INFRA 

General Electric Co., 
land 12, Ohio 

Westinghouse 
Center, Bidg 
Pittsburgh 30, 


INCANDESCENT and 
-RED 


Nela Park, Cleve- 
Electric 
No, 3, 
Pa 


Corp., Gateway 
01 Liberty Ave., 


LAMPS, MERCURY VAPOR 

General Electric Nela Park, 
and 12, i 

Westinghouse 
Center, Bldg 
Pittsburgh 30, 


Co., Cleve- 


Corp., 
3, 401 


Gateway 
Liberty Ave., 


LAMPS, MINIATURE 
cator) 

General Electric Co Miniature 
Dept Nela lark, Cleveland 12, 

Westinghouse Electric Corp Gateway 
Center, Blig. No, 3, 401 Liberty Ave., 
littshurgh 30, Pa 


(Pilet and Indi- 


LAVA. See Ceramics 


LAYOUT FLUID 


Dykem Co., 2303F N_ 11th, St. Louis 6, 
Mi 


LIGHTING FIXTURES 

Killark Electric Manufacturing Co., Van- 
leventer and Easton Aves., St. Louis 13, 
Mo 


LIGHTS, PILOT and 

Arrow-Hart & Hegeman Electric Co., 
Hawthorne, Hartford 6, Conn. 

Cannon Electric Co. Dept 500, 3209 
Humboldt, Los Angeles 31, Calif 

Crouse-Hinds Co., Syracuse 1, N 

Dialight Corp., 44 Stewart Ave 
, Y 


INDICATOR 
103 


N . 
, Brooklyn 


37, N 

Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Ill 

General Electric Co 
Dept Nela Park 

Hart Manufacturing Co 
Ave Iiartford 1, Conn 

Hetherington Inc 1200 Elmwood Ave., 
Sharon Hill, Pa 

Johnson Co., E. F., 
S.W., Waseca, Minn 
4041 N 

Wis 


Miniature Lamp 
Cleveland 12, Ohio 
211 Bartholomew 


2331 Second Ave., 


Co Mil- 


12 


Square D 
waukee 


Richards, 


LOCKNUTS and LOCK WASHERS. 


See Fasteners 


LUBRICANTS 
Shelt Oil Co., 50 W. 50th, New York 20, 
N. ¥ 


LUBRICATORS, OIL and GREASE 


Madison-Kipp Corp., 214 Waubesa, Madi- 
son 10, Wis 


LUGS and TERMINALS 

AMP Incorporated, 5284 Eisenhower Blvd., 
Harrisburg, Pa 

American Brass Co., Waterbury 

Buchanan Electrical Products 
Route 22, Hillside, N 

Burndy Corp., Omaton 


20, Conn 
Corp., 225 
Div Norwalk 
211 Bartholomew 

Conn 
Kenilworth 1, N. J 

F-4. 4730 Madison 


Manufacturing Co., 
! . Hartford 1 
Heyman Mfg. Co., 
Ilsco Corp., Dept 
Ra Cincinnati 27, Ohio 
Johnson Ce., E. F., 2331 
S.W Waseca, Minn 
Jones Div.. Howard B., Cinch Mfg 
Chicago 24, I 
Krueger & Hudepohl 
cinnatl 4, Ohio 
Malco Tool and Manufacturing Co., 
W. Lake, Chicago 24, 
Mycalex Corp. of America, Clifton Blvd., 
Clifton, N, J 
Rajah Co., 35 
N. 3 


Second Ave., 


Corp., 


1043 Evans, Cin- 


4021 


Verona Ave., Newark 4, 
Sealectro Corp., 610 Fayette Ave.. Mama- 
roneck, N, Y¥ 
anufacturing Co., H. B., Bat- 
Mich 
Ine., 28 


Co Butler, 
PI 


Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co, 228 N. La 
Salle, Chicago 1, Ill 


MACHINES. See specific headings: 
Balancing; Coil Windire: Drafting Re- 
production; Eyeleting; Molding, Plastic; 
Rivet Setting; Screw Driving; Strippers 
Wire; Vibration Test; Welding 


MAGNETIC AMPLIFIERS 

Airpax Products Co., Fort 

Fila 

Berkeley Div. of Beckman Instruments, 
2200 Wright Ave., Richmond 3, 


Lauderdale, 


Calif 
Control, Box 391, Butler 
Fidelity Instrument 
Boundary Ave., York, 
General Electric Co., 
Biv., Schenectady 5, 
Kearfott Co., Ine., 
Clifton, N, J 
Magnetic Amplifiers, Inc., 
Ave.. New York 55, N. Y. 


Pa 
Corp., 1000 E 
P 


Apparatus Sales 
N.Y 
1378 Main Ave., 


632 Tinton 
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Vickers Electric 
Locust, St. 

Westinghouse 
Center, 
Pittsburgh 22, Pa 


Div., Vickers Inc., 
Louis 3, Mo. 
Electric Corp., Gateway 
No. 3, 401 berty Ave., 


1303 


MAGNETIC BRAKES. See Brakes, Mag- 


netic. 


MAGNETIC 
Electrical ; 
netic 
Metal 


MATERIALS. See Steel 
Magnets, Permanent; Mag- 
Recorder Components; Powdered 
Products. 


MAGNETIC RECORDER COMPONENTS 
Driver Co., Wilbur B., 1875 McCarter 
Highway, Newark 4, N. J. 
Minnesota Mining & Mfg. Co., Electrica 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. (Tape) 
Stromberg-Carison, A 
Dynamics Corp., 
Rochester 3 A 


Genera 
Rd 


Div. of 
117 Carlson 


MAGNETS, PERMANENT 

Arnold Engineering Co., 
(Magnetic Alloy Cores) 

General Electric Co., Metallurgical Prod 
ucts Dept.. 11131 E. 8 Mile Ave., De 
troit 32, Mich 

Indiana Steel Products 
Ind. 

Thomas & Skinner 
Indianapolis 7, Ind 


Marengo. Iii 


Co., 


1114 E. 


Valparatso 


Inc., 23rd 


MAGNET WIRE. See Wire, Magnet 


MARKERS, IDENTIFICATION 

National Band & Tag Co., Dept, 9-254 
Newport, Ky 

Natvar Corp., 207 
bridge, N. J 


Randolph Ave., Wood 


MATERIALS HANDLING EQUIPMENT 


Fibre, A Sub, of 
Newark 13, 


Continental- Diamond 
The Budd Co., 

National 
ton 99 

Robbins & Myers, Inc., 
div Springfield, Ohio 

Spaulding Fibre Co., 
N. ¥ 


Wilming- 


) 
Vulcanized Fibre Co., 
el 


Crane & Hoist 


Inc., Tonawanda, 


MERCURY RELAYS. See Relays. 
MERCURY SWITCHES. See Switches 


METALS, 
Metals 


LAMINATED. See Laminated 
Precious and Base 


METALS. PRECIOUS. 
nated Metals; 


See Gold; Lami- 


Platinum; Silver, 


METALS, RARE 


Fanstee! Metallurgical Corp., North Chi- 


Inc., P. R., Indianapolis 


METERS, HOUR 

Haydon Div. of General Time Corp., 2533 
Elm, Torrington, 

Industrial Timer 


Corp 
Highway, Newark N 


“1411 McCarter 
J 


MICA, GLASS-BONDED. 
Bonded Mica 


See Glass- 


MICA, MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, Rings, 
Segments, Washers, ete.) 

Continental-Diamond Fibre, 

The Budd Co., Newark 13, Del. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Insulation Manufacturers Corp., 
Washington Bivd., Chicago 6, IL 

Macallen Co., Bay Rd., Newmarket, N, H. 


MICROPHONES 


American 
Elgin 


Div., 


Microphone Electronics 
370 S, Fair 


National Watch Co 
Oaks Ave. Pasadena, Calif 

General Electric Co., Apparatus Sales 
iv., Schenectady 1, N. Y. 


MICROSCOPES, 
MEASURING 
Bausch & 
Paul, 


INSPECTION and 


Lomb Optical Co., 84717 Bt. 
Rochester 2, N. Y¥ 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas- 
tics; Rubber. 


MOLDING MACHINES, PLASTIC 

Automatic Molding Machine Co., Sub of 
Wagner Brothers, Inc., 400 Midland 
Ave., Detroit 3, Mich 

Moslo Machinery Co., 2443 Prospect Ave., 
Cleveland 15, Ohio 


MOLYBDENUM—(Sheet and Wire) 
also Contacts. 


Fanstee| Metallurgical Corp., 


cago, 
Mallory & Co., Inc., P. R., 


6. Ind. 


MOTOR CONTROLS and STARTERS. See 
Controllers, Motor; Push Button Sta- 
tions. 


MOTOR GENERATOR SETS 


Kato Engineering Co., 128 Maxfield Ave., 
Mankato, Minn 


Bee 
North Chi- 
Indianapolis 


ELECTRICAL 
PORCELAIN 


AS AND WHEN YOU WANT IT 





Send drawings and specifications to 


AKRON PORCELAIN CO. 


2723 CORY AVE., AKRON 14, OHIO 
Circle 328 on page 17 


TINY CONVENIENCE OUTLETS 


give your portable appliances, radios, power tools, 
electronic test gear greater utility and ease of use. 


Easy to install — takes absolute 
minimum of space. 


EYELETS, RIVETS OR SPOT |{ 
WELDS RIGHT TO CHASSIS 


1 





Minimum 
space 


Simple 
panel 
punch- place back of 
out fast panel 


Gap TAB Mini-SpACe Outle: 
amps @ 125V or 10 amps @ 250V 


PRE-WIRED Mini-SpACe Outlet — with leads automatically attached w each 

contact and assembled into mo!ding. #402ACC with 16 

#402ACL with 

Leads tailored 125V of 10 ames 
“Gr to wire direct (@ 250V. Specify part number and lead lengths. 

PARALLEL-WIRED Mini-SpACe Outlet — with two leads automatically at- 


tached to each contact and assembled into molding 


Drops 


into 


with solder tabs UL approved for 15 
. Specify #402 ACE. 


gage wire UL approved up wo 1100 watts. 


14 gage wire, UL app. for 15 amps 


Ideal for parallel wiring 
op of multiple outlets. Specify ¢402AC2C for 16 gage leads, 
#402AC2L for 14 gage leads. Give part number and 

~ lead lengths. 
PEND ~— Siengly slip Alden Grounding Adapter Plate over any of 
Pn ‘hole 
ia modate the UL 3-prong, parallel blade, grounding plugs. 


— | Add “G” to part numbers above (e.g. #402ACEG) or ordes 
hn $f_1¢- separately as #CS402ACG. 
Order by number - Samples sent free 
11125 NN. MAIN ST., BROCKTON 64, MASS. 


Aitpen Paooucts Company 

ee Oro Miniature 
Detachable Fuscholders - 
Line Cord 


Circle 329 on page 17 


above Alden Mini-SpACe outlets and adapt it to accom 


Miniature Dial 


| Light Sockets 
—_— 








UM PERMANENT 











COMPANY 


FOR OUTSTANDING 


ENGINEERING 


FOR ECONOMICAL 


PRODUCTION 


SPECIALISTS IN ALUMINUM PERMANENT MOLD 
AND SAND CASTINGS 











© Good design combined with well 
cast, economically produced aluminum 
permanent mold castings are the keys to 
volume sales and bigger profits in the 
electrical manufacturing field. . . . And 
our job here at Aluminum Permanent 





Mold is working with designers, engi- 


: P.M. Street 
neers and buyers to produce castings to 


Light Base 





their specifications at the lowest cost 
consistent with top quality. = “s 
Write for illustrated brochure. ay “e 


ee ti | 


Sn ips 
aig 





DESIGN ENGINEERS 
Get the facts on new so- 




















lutions to your design 
castings problems. 


P.M. Automatic 


P.M. Electric Phonograph Base 


Hoist Housing 
FINE CASTINGS, OF ANY SIZE, TO YOUR SPECIFICATIONS. 


ALUMINUM Permanent Mold Company 


1054 "FRONT AVENUE, N. W GRAND RAPIDS, MICHIGAN 
Circle 330 on page 17 








SEND FOR THIS...Manual on Testing 
HIGH VOLTAGE BREAKDOWN 


for 


Design 
Production 
Installation 


Maintenance 


HYPOT® 


.. High Potential Test 
Instruments measure leak- 
age current and dielectric 
strength. Portable, bench 
and mobile models with 
AC and DC test potentials. 


HYPOT Model 4172, illustrated, test poten- 
tial 0 to 1500V-AC, indicates insulation 
breakdown and excessive leakage current 
with glow lamps (audible indicator op- 

al) $137.50 


/) 
ASSOCIATED RESEARCH. 


PHCOED O*% ALLA 


a 
Test astruments Since 1936" 


3794 W. Belmont Ave., Chicago, Illinois 


Circle 331 on page 17 





MOTORS 


ee emia 


Subfractional, Under 1/20 Hp. 


Fractional, 1/20, % Hp. 


Integral, 1 to 74 Hp. 


Integral, Over 7% Hp. 


Gearmotors 





Genweten 


Low Voltages ( (Under 110) 





Miniaiwe i iming Motors, Geared | 


mi 
alts) 





</wlolr!ialal 


N 








Motors, Inc., 
( ) 

Allis Co.. The Louis, 
(KLNOQRUVYZ) 

Ashland Electric 
Queens Bivd., 
(AB) 

Baldor Electric Co. 
St. Louis 10, Mo. ¢ 

Barber-Colman Co., 
Ill, (RCKYZ) 

Bodine Electric Co., 2506 W. Bradley Pl! 
Chicago 18, Ill (ABCDE FGHJQRTYZ&) 

Brevel Products Corp., 601 W. 26th, 
New York 1, N. Y, (A) 

Century Electric Co., 1806 Pine, St 
2 Mo. (FGKLNOPQRUVWYZ) 
Clifton Precision Products Co., Inc, Clif- 
ton Heights, Pa (Servo) 
Controls Co America, 
Ave., Schiller 
Cramer Controls 
brook, C ( 

D_ & R Ltd, 402 E 
Box 1500, Santa Barbara, 
Diehl Manufacturing Co., Electrical Div. 
The Singer Manufacturing Co., 
erville, N. J. (BCFHKNQV) (Servo) 
Doerr Electric Corp., 510 N. 4th Ave., 
Cedarburg Wis, (FGKL) 
Eaton Mfg Co., Dynamatic Div., 3307 
Fourteenth Ave., Kenosha, a (FEN) 
Electric Specialty Co., 221 uth, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 
Emerson Electric Mfg, Co., St, Louis 21, 
Mo, (FGJKLMQR) 
General a Co., 
iv Schenectady N 
(BCDEFG HJK LMNOPQRSTU VWYZ&) 
General ee Co., Dept. GL, Elyria, 
Ohio (BQYZ 
Globe Secession. Inc., 
(BC) 


Air-Marine Amityville 
N. Y 
Milwaukee 7, Wis 


32-02 
ee 


Products, Inc., 
Long Island City 1, 


353 Duncan Ave., 


KLN 
1803 hock, Rockford, 


louls 


9551 Soreng 


lil 

Box 8, Center- 
Gutierrez, P. O 
Calif, (U) 


Apparatus Sales 


Dayton 4, Ohio 

Hagen Mfg. Co., Ine., 
Moline, Ill. (ABCDE) 

Hansen Manufacturing Co., Inc. 

Ind. (ABCEVXYZ) 

Haydon Co., A W., 234 N. Elm, 
bury 20, Conn. (CXZ) 

Haydon, Div. of General Time Corp., 
Elm, Torrington, Conn, (ABCNYZ) 

Heinze Electric Co., 685 Lawrence, Lowell, 
Mass. (BCDFZ) 


202 Twentieth, 
. Princeton 
Water- 


2531 


Helipot Corp., Div 
ments, Inc., . @ 
Beach. Catif 

Holtzer-Cabot Motor Div., National Pneu- 

Co., Inc 125 Amo ry, Boston 19, 

(ABCEFGHQUV YZ) 

Industries, Inc 1720 ‘State, 
, Wis. (ABCDEFGHQRTU VYZ) 

Induetion Motors Corp., 570 Main, West 
bury, L. lL, N. Y. (BE) 

Inland Motor Corp., Dept, B, 
Washington Ave., Pearl River, N 

Janette Electric Mtg. Co., Morton Grove, 
lll. (FGKLQRUV 

Kearfott Co., Inc., 1378 Te Ave., Clif- 
ton, N (Servo) (U 

Lamb Electric Co., Kent, (BCDEF 
GHJQKSZ) 

Master Electric Co., Div, * Reliance Elec- 
tric and Engineering Co., Dayton 1, 
Ohio (FGIKL age wa vw) 

Aerkle Korff Gear 
ae 7, Wm 


Instru- 
Newport 


of Beckman 
Box 458, 


23 Ww 


Ohio 


N. Morgan, 
(abe “DEFG HJQRST- 
24th, New York 


2432 W 


YZ& 
Moen Trading oF im A 
Y 


Molon Motor pur Coil a 
George, Chicago 18, Ill (BE 
Manufacturing Co., col Avionie 
Racine Wis. (BCFGHUVY&) 

(Servo and Synchro) 
Rae Motor Corp., 2009 Kewanee, 
yi (BCDFGUYZ&) 
Electric & 
279-A, 


Racine, 


Engineering Co., 

Cleveland 17, Ohio 

Reuland Alhambra, Calif 
(KNQ) 

Robbins & Myers, Ine., Motor Div., 
Springfield, Ohio (BC ‘DEFGJKNU ’ 
Robertshaw-Fulton Controls Co., Acro 

Div., Columbus 16, Ohie (B) 
Smith Corp., A. O., Electric Motor Div., 
Tipp City, Ohio ‘(FGKLNOQR) 
Sterling Electric Motors, Ine., 5401 Tele- 
grapli Kd., Los Angeles 22, Calif 
FK 


Q) 


Electric Co., 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago fl 

Wagner Electric Corp., 6454 Plymouth 
Ave., St, Louis 14, (FGKLNYZ) 

Westinghouse Electric Corp.. Gateway 
Center, Bldg., No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. (BCDELFGHJKLM 
NOPQRSZ&) 





MOTORS and GENERATORS. See Motors 
able, 


mouerines. RUBBER and 
SYNTHETIC 


oaeadionn Dutch 
7800 Woodlawn Ave., 


Brand Products, 
Chicago 19, Ill. 


and TIMING 
234 North Elm, 


MOVEMENTS, CLOCK 


Haydon Co., A, W., 
Waterbury 20, Conn 
Haydon Div. of General Time Corp, 2533 

Elm, Torrington, Conn. 


NICKEL and NICKEL 
(Rod, Sheet, Tubing, 

American Brass Co., 
(Cupro- Nickel) 

—— Steel Co., 

Pa 

Chase Brass & Copper Co., 

necott Copper Corp., 


Conn. 
Driver Co, Wilbur ey 
Highway, Newark 4, 
Driver-Harris Co., 
General Plate Div., Metals and Controls 
Corp., 1910 Forest, Attleboro, Mass. 
International Nickel _Co., Inc.,. 67 Wall 
ew York 5, 
Riverside- Alloy Metal Div., Paes K, 
Brass Co., Inc., 710 


Co., Inc., Riverside, N. 
Ave., Waterbury, Conn, 


ALLOYS 
Wire) 


Waterbury 20, Conn. 
115 W. Bern, Read- 


Sub, of Ken- 
Waterbury 20, 


1875 McCarter 
N. J. 


» aX, N, J, 


Porter 


Baldwin 


Somers 


NICKEL-SILVER 
(Rod, Sheet, Tubing, wire) 


American Brass Co., Waterbury 20, Vonn. 
Chase Brass & Copper Co., Sub. of Ken- 
— 4 Cepper Corp., Waterbury 20, 


ae Alloy Metal Div., Fa K. Porter 


Co., Inc., Riverside, N. 
NUTS. See Fasteners. 
OHMETERS, See Instruments. 

OILERS. See Lubricators, Oil and Grease. 
OSCILLATORS. See Instruments. 
OSCILLOSCOPES. See also Instruments, 


Electrenic; Recorders, Oscillographic. 


Dumont Laboratories Inc,, Allen B,, 760 
Bloomfield Ave., Clifton, N.J. 


General Electric Co., 
Div., Schenectady 5, A ° 
Hewlett-Packard Co., 4656M Page Mill 
Rd., Palo Alto, Calif. 
Hughes Products, Electron Tube Div., 
Los Angeles 
_— Corp. 


Apparatus Sales 


International Airport Sta., 
45, Calif 
RCA Electron Tube Div., 
of America, Harrison, 
Weston Electrical Instrument Corp., sub 
of Daystrom, Inc., 614 Frelinghuyses 
Ave., Newark 5, N, J. 


PACKING. See Gaskets. 


PAINTS. 
and Varnishes, 


See Lacquers, Enamels, Paints 


Finishing. 


PALLADIUM. See 
inum Products. 


Platinum and Pist- 


PANEL CONTROL UNITS 

Allen-Bradley Co., 1316 8. Second, 
waukee 4, Wis 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn 

Clark Controller Co., 1146 BL 152nd, 


Cleveland 10, Ohio 
1264 St, Paul Ave., 


Cutler-Hammer ames ° 

Milwaukee 1, 
Eagle Signal tore... *502 20th, Moline, Ill. 
General Electric Co., Apparatus Sales 


Div., Schenectady 5, 4 § 
Heinemann Electric Co., ~ 99 Plum, Tren- 
Richards, Mil- 
waukee 12, 
Ward Leonard 
Center, Bidg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 
merbee- Colman 
Ill, 


ton 2 
, 4041 N, 
Wis. 
34 South, 
Mount Vernon, 
Wheeice Instruments Div., 
Rockford, 


Mil- 


— 4 
Square D Co. 
Electric Co., 
Westinghouse Biectric . Corp., Gateway 
Ce., 1403 Rock, 


PANELS, DIAL. See Dials and Panels. 


PANELS, SHEET STEEL. See 
Metal Fabricators, 


PAPER INDUSTRIAL 

Cettreh Paper Co., Inc., 88 Purchase, 
Fall River, Mass. 

Mosinee Paper Mills Co., Mosinee, Wis. 

West Virginia rule and + Ce, 230 
Park Ave., New Yerk 17, 


Sheet 


ELECTRICAL MANUFACTURING 





PAPER, INSULATING 

Acme Wire Co., Pia DixweH Ave., New 
Haven 14, Con 

Continental- Diamond Fibre, A Sub, of 
The Budd Co., Newark 13 Del, 
Cottrell Paper Co., Inc., 88 Purchase, 
Fall River, Mass. 

General Electric Co., Plastics Dept., 
Decatur, Ill, 

Insulation’ Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, III. 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J, 

— anville, Box 14, New York 16, 


Mosinee Paper Mills Co., Mosinee, Wis. 

National Vulcanized Fibre Co., Wilming- 
ton 99, el, 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N 

Spaulding Fibre Co., Inc., Tonawanda, 

West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17, N. Y. 


PAPER, PHOTOGRAPHIC 
REPRODUCTION 

Ozalid, A Div, of General Aniline & 
Film Corp., Johnson City, N. Y. 


PAPER TRACING. See Tracing Ctoth, 
Film and Paper. 


PERMANENT MAGNETS. See Magnets, 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn. 

Chase Brass & Copper Co., Sub. of Ken- 
necott Copper Corp., Waterbury 20, Conn. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Miller Co., Meriden, Conn, 

Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc., Riverside, N. J. 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales 
Schenectady 5, N. Y,. (Photo- 
electric Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N, Y. (Photoelec- 
tric Tubes) 

RCA Electron Tube Div., 
of America. Harrison, N 

Vickers Electric Div., Vickers Inc., 1803 
Locust, St, Louis 3, Mo, 


nadie Corp 


PHOTOELECTRIC CONTROLS 

General Electric Co., 
Div., Schenectady 5, 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Weston Electrical Instrument Corp A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


Apparatus Sales 
ae 


PILLOW BLOCKS, See Blocks, Pillow 


PINS, COTTER and LOCK. See Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC, See Ceramics. 


and FABRICATOR 

Ace Plastic Co., 91 +4 Van Wyck Express- 
way, Jamaica 35, N 

= Insulator Corp., New Freedom 


PLASTICS, oe eens. EXTRUDERS 


Ancher Plastics Co., Inc., 36-36 36th, 
Long Island City 6, N. * 

Auburn Manufacturing Co., 306-1 Stack, 
Middletown, Conn 

Barber-Colman Co., 1803 Rock, Rockford 


Il 
partie ~, Resinite Dept.. Santa Bar 
bara, 
Chicago Molded Products Png — 
North Kowunwar Ave Chicago 5 
Continental-Diamend Fibre, A Sub of The 
Budd Co., Newark 13, 
Cosmo Plastics Co., 3239 wv. 14th, Cleve- 
land 9, Ohio 
Packing Co., 6424 Oakton, Morton 
ban 
Molding Co., Harry 1428 N 
. Chicago 10, a 
muoottte Co., Plastice Dept 
il. 
Gries Reproducer Corp., 149 Beechwood 
Ave.. New Rochelle, N. Y. 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 


Irvington 11, N 
Midwest Molding & ae Co., 123 Rotary 
Dr., Gurnee, 96 
National oh Fibre Co., Wilming- 
ton 99, Del. 
Natvar Corp., 207 Randolph Ave., Wood 
bridge, N. 
Northern Plastics ans 2nd & Market, 
Crosse 5, 
Phalo Plastics Corp:, 580 Boston Tpke., 
Shrewsbury, Mass. 
Brothers, 3027 N, Monticello Ave., 


n 
., 2405 8, Concerd Rd., La- 
ne 
Spaulding Fibre Co., Inc., Tonawanda 
N. 


Sylvania Electric Products, Inc., 1740 
Broadway, New York 19. N. Y¥ 
Synthane Corp., 17 River Ri. Oaks, Pa 
Taylor Fibre Co., Norristown 37, Pa. 
United States Gasket Co., Plastics Div. of 
a Garlock Packing Co., Camden 1, 


Wesitnhouse Electric Corp., Gateway Cen 


Bidg. No. 3, 401 Liberty Ave., 
Pittsbureb 30, Pa. 


NOVEMBER 1958 


PLASTICS—MOLDING, LAMINATING. 
CASTING and EXTRUSION 
COMPOUNDS 


Alkyd Molding Compound 

Cellulose Acetate 

Cellulose Nitrate 

Diallyl Phthalate 

Epoxy Resins 

Ethyl Cellulose 

F luorocarbons 

Melamine Formaldehyde 

Methyl Methacrylate 

Nylon 

Phenolics 

Plastisols, Viny! 

Polyethylene 

Polyester Resins 

Silicone Resins 

Styrenes 

Urea Formaldehyde 

Vinyl Acetal 

Vinyl Alcohol 

Vinyl Chloride 

Viny1l-Chloride- 
Vinylidenechleride 

Viny! Chloride Acetate 

Vinylidene Chloride 


Allied Chemical, Plastics & Lar _— 
icals Div., New York 6, ~ (JT 

American Cyanamid Co. th ag and 
Resins Div., 33D Hoeketelter Plaza 
New York 20, N. Y. 

Atlas Powder Co., 
Wilmington 99, Del. 

Borden Co., Resinite Dept., Santa Bar- 
bara, Calif. 

Dow Chemical Co., Midland, Mich, (F) 

Dow Corning Corp., Midland. Mich. (8) 

duPont deNemours & Co., Li, a. oe 
Plastics Dir., Polychemicals Dept., 
Wilmington 98. Del. (ADGKLPR) 

Durez Plastics Div., Hooker Chemical 
Corp., 1310 Walck Rd., N, Tonawanda, 
N. ¥. (E) (Casting Resins) 

Epoxy Products, Inc., A Div. of Joseph 
Waldman & = 137 Coit, Irvington 
: ae a 

FMC Organic 5 Div., Food Ma- 
chinery and Chemical Corp., 161 E. 
42nd. New York 17, N. Y. 

General Electric Co., Plastics Dept., 
Decatur, Ill 

Houghton Laboratories, Inc., Olean, N. Y. 


« 
Chemicals Div., 


(0) 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 

Marbon Chemical Div. of Borg-Warner, 
Washington, W. Va. (F) 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn 

Permacel-Le Page's Inc., New Brunswick, 
N. J. (U) 

Plasties cestheiring .. 1607 Geele Ave., 
Sheboygan, Wis. ( 

Rogan Brothers, Seat N. Menticelle Ave.. 
Skokie. Tl. (CE. 

Rohm & Haas Co., Ww ashington Sq., Phila- 
delphia 5, Pa. (D) 

Rostone Corp., 2405 8, Concord Rd., La- 
fayette, Ind, (A) 

anol Chemical Corp., Chemical Sales Div.. 

80 Madison Ave.. New York 17, N. Y 
rita 

United States Gasket Co., Plastics Div., 
of The Garlock Packing Co., Camden 1, 
N. J. (P) 


PLASTICS, SHEETS. RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Borden Co., Resinite Dept., Santa Bar- 
bara, Calif 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental-Diamond Fibre, A Sub. of The 
Budd Co., Newark 13, Del, 

Dilectrix Corp., _ Allen Bivd., Farming- 
dale, o -_ ° 

Epoxy’ Products, inc., A Div. of Joseph 
Waldman & Sons, 137 Coit, Irvington 
ll, N. J 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

General Electric Co., Plastics Dept., 
Decatur, Ill 

Houghton Laboratories, Inc., Olean, N. Y 

Insulation Manufacturers Corp., 565 W 
Washington Blvd, Chicago 6, IIL. 

Mica Insulator Co., Schenectady 1, N. Y¥ 

National Veteentned Fibre Co., Wilming- 
ton 99, 

Northern Piasttes Corp., 2nd & Market, 
La Crosse 5, Wis. 

Spaulding Fibre Co., Inc., Tonawanda, 
x ~ 


Taylor Fibre Co., Norristown 37, Pa. 
Westinghouse Electric Corp., Gateway 
Center, Bldg, No. 3, 401 Liberty Ave.. 

Pittsburgh 30, Pa 


PLATINUM and PLATINUM PROD.- 
UCTS. See also Contacts. - 

Brainin Co.. C. S., 318 Washington, Mt 
Vernon, N. Y, 

Englehard Industries, Inc., Baker Plati- 
num Div., 113 Astor, Newark 5, N.J. 
General Plate Div., Metals and Contruis 
Corp., 1910 Forest, Attleboro, Mass. 

a ed a Iiarman, 82 Fulton, New Yor’ 


Yy 
PLIERS and CUTTERS, WIRE 
Klein & Sons. Mathias, 7200 McCormick 
Rd., Chicago 45, Ill, 
PLUGS and JACKS, COMMUNICATION 


Audio Development Co., 2836 13th Ave.. 
South Minneapolis 7, Minn. 

Switchcraft, Inc., 5539 N, Elston Ave.. 
Chicago 30, Ill. 


PLUGS and RECEPTACLES 


Amphenol Blectronics Corp., 1830 8. 54th 
Ave., Chicago 50, Ill, 


every 


ELECTRICAL 
DESIGNER 


should have a copy 


of this NE AV 
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Here is a new book on ROSITE, the distinctive arc- 
quenching material that is producing worthwhile 
size reductions in electrical moldings! This unique 
material often permits refinement of section and 
improvement in design in moldings for many elec- 
trical uses. 


COLD MOLDINGS — Stonelike ROSITE 
inorganic and organic compounds are first choice 
for hoods, arc chutes, and many other electrical 
applications. Strong, stable, non-carbonizing, heat 
resistant, and arc-quenching! 


HOT MOLDINGS — Now, new hot molded 
ROSITE with properties of the cold molded ma- 
terial, offers important advantages — the key to 
drastic size reductions... high speed production... 
improved strength ... unlimited design possibilities, 
Write today for new Bulletin 200. 


Send for your FREE copy! 





ROSTONE 
CORPORATION 


Engineers and Custom Molders 
2405 S$. Concord Road, Lafayette, Indiana 





Circle 332 on page 17 





HERE'S tHe WAY TO 


CUT THOSE x!*!Idx 
PRODUCTION COSTS 








~~ \ STALWART 


PRECISION RUBBER PARTS 


Modern production equipment and years of com- 
pounding experience are combined at Stalwart to 
provide important savings in product design and 
production costs. Extruded, molded, die- and lathe- 
cut parts are mass-produced at realistic prices from 
all types of rubber, including Neoprene, Hypalon, 
Hycar, Buna N and Silicones. Rubber parts offer- 
ing extreme resistance to oils, temperature, abra- 
sion, weather and chemicals are produced to meet 
individual operating requirements. And Stalwart is 
the only producer of extruded and calendered sili- 
cone sponge shapes! Write for complete information. 


TALWART 


RUBBER COMPANY 


197 Northfield Road * Bedford, Ohio 
Plants in Bedford, Ohio 
and Jasper, Georgia 


Get all the facts... 
Write for 
Bulletin 56-SR-3 


Circle 333 on page 17 


Arrow-Hart & Hegeman .~¥ Co., 108 

Hawthorne, Hartford 6, Con 

Automatic Electric Sales Corp. 

lake, Ill 

Belden Mfg. . 
4, 


North- 


4633 W. Van Buren, 
“Co.. Dept. =. 3209 

Humboldt, as Angeles 31, Calif. 

Circle F Cc Trenton rh N, 

— & te. L. L., Route 46, Lodi, 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y 

Crouse-Hinds Co., Syracuse 1, N. Y, 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn, 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Hubbell, Inc., Harvey, Bridgeport 2, Conn, 

Johnson Co., E, F., 2331 Second Ave., 
S. W., Waseca, Minn 

Jones Div., lloward _ 
Chicago 24, l. 

Molex Products Co., Brookfield, Ill, 

Royal Electric Corp., Pawtucket, R, I. 

Stromberg-Carlson, A. Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N 


PNEUMATIC TOOLS and EQUIPMENT 
Gardner-Denver Co., Quincy, Ill 
PORCELAIN. See Ceramics 


Cinch Mfg. Corp., 


POTENTIOMETERS. See also Rheostats 

Allen-Bradley Co., 1316 S. Second, Mil- 
waukee 4. Wis. 

Bourns Laboratories, P, O. Box 2112 
Riverside, C ° 

Clarostat . Co., Ine., 

Daven Co., yr. Mit. 
Route 10, Livingston, } 

Helipot Corp., Div. of Beckman Instru- 
ments, Inc., P. 0. Box 458, Newport 
Beach, Calif. 

International Resistance Co., 401 N. 
Broad, Philadelphia 8. Pa 

Kintronte. Div. Chicago Aerial Industries, 

°<n Tiawthorne Ave., Melrose 

Park. m 

Ohmite Manufacturing Co. 


Dover, N, H. 
Pleasant Ave., 
J. 


3613 Howard, 


ShunIe, 44 

Kattray & Co., George, A Div. of Hard- 
wick, Hindle, Inc., 116-08 Myrtle Ave., 
Richmond Hill 18, N. Y 

Stackpole Carbon Co., St. Marys, Pa 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N 


POTS and LADLES, MELTING 

General Electric Co., Apparatus Sale 
Div., Schenectady 5, N. Y, 
Vulcan Electric Co., Danvers 2, Mase 


POWDERED METAL PRODUCTS. See 
also Wearings and Bushings; Contacts 

Amplex Div., Chrysler Corp., Detroit 31, 
Mich 

Bunting Brass and Bronze Co., Toledo 1, 
Ohio. 

Gibson Electric Co., Old Wm. Penn 
Highway, Delmont, Pa. 

Mallory & Co., Inc., P. R., 
m 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill, (Iron Cores) 

Stackpole Carbon Co., St. 

United States Graphite Co., 
Saginaw 8, ich. 


Indianapolis 6, 


Marys, Pa. 
1621 Holland, 


POWDERS, METAL 
Ilandy & men, 82 Fulton, New York 
3 = 


New Jersey’ Zine Co., 
York 38, N, Y, 
per and Zinc) 


POWER SUPPLY UNITS 

Electronic Research Associates, Inc. 
Factory Pl., Cedar Grove, N . 
Electro Products Laboratories, Inc., 4501 
N, Ravenswood Ave., Chicago 40, Til. 
Fidelity Instrument Corp., 1000 E. Bound- 


ary Ave., York, Pa. 

Kepco Laboratories, Inc., 131-88 Sanford 
4 
Inc., P. R., 


160 Front, New 
(Brass, Bronze, Cop- 


67 


Ave., Flushing 55, N. 
Mallory & Co., 


Indianapolis 
Corp., 341 Carnegie Ave., 


} J. 

Kenilworth, N. 

Sola Electric Co., 4633 W., 16th, Chicago 
50, Ill. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 


a Hy and 
SPEE 
Hi-Lo itd Co.. 308 N, La- 
vergne Ave.. Chicago 44, Ill, 
Flexible Coupling Co., 4802 W. 
Lake, Chicago 44, II! 


DRIVES, VARIABLE 


PUMPS 


Robbins & Myers, Inc., 
Springfield, Ohio 


PUSH BUTTON STATIONS 

Allen-Bradley oe. , 1316 S. Second, Mil 
waukee 4, Wi 

Arrow-Hart & Hegemen eat Co., 108 
Hawthorne, Hartford 6, Co 

—. Electric Sales Cop. 
a 

Clark Conrveiler Co., 
Cleveland 10, Ohio 

Crouse-Hinds Co., 

Cutler-Hammer Inc., 
Milwaukee 1, Wi 

— Electrie Co., 
Til. 


Pump. Ditr., 


North- 


1146 E. 152nd. 
Syracuse 1, N. Y, 
1264 St. Paul Ave., 


is. 
1024 McKee, Batavia, 


General Electric +4 
Div., Schenectady 5 
Micro Switch, A Div. ‘of Honeywell, Free- 

port, 1, 


ys Saler 


National Acme Co., 
land 5, Ohio 
Radio ie ae Co., Control Div., Cam- 

en . 

Square D Co - “4041 N. Richards, Milwau- 
kee 12, Wis 

Stromberg-Carison, A Div, of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. ¥ 

Ward Leonard Electric Co., 34 South, 
Mount Vernon, wf = 

Westinghouse Flect Gateway 
Center, Bldg. No. 3. aor ‘Liberty Ave., 
Pittsburgh 30, Pa 


176 E, 13lst, Cleve- 


PYROMETERS 
Weston Electrical Instrument Cor A 
sub. of Daystrom, Inc., 4 Freling- 
huysen Ave., Newark 5, 
Wheelco Instrument Div. 
Co., 1403 Rock, 


QUARTZ, FUSED 
Engelhard Industries Inc., 
Div., 685 Ramsey Ave., 


Barber-Colman 
Rockford, Ill 


Amersil Quarts 
Hillside 5. N. J 


REACTORS. See Transformers 
RECORDER COMPONENTS, MAGNET- 
IC. See Instruments. 


RECORDERS, COMPUTER. See Instru- 
ments, Electronic, 


RECORDERS, GRAPHIC 
See Instruments 


RECORVERS, OSCILLOGRAPHIC 


Sanborn Co., Industrial Div., 175 Wyman 
Waltham 54, Mass 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp Kectifier 
Div., North Chicago, Ul. (Selenium) 
General Electric Co., Apparatus Sales 

Yiv., Schenectady 5, N Y. (Selenium, 

Copper Oxide, Industrial Germanium) 

General Electrie Co., Semiconductor 
Products, Electronics Park, Syracuse 1, 
N. Y¥. (Germanium Diodes, Germanium 
and Silicon Rectifiers). 

Hoffman Semiconductor, Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Pranston. Tl 

ITT Components Div., International Tele- 
phone and Telegraph Corp., P, O. Box 
412, Clifton, N. J. (Silicon) 
Internationa: Kegistanwe co, 401 N. 
Broad, Philadelphia 8, Pa 

Mallory & Co., Inc., P, R., Indianapolis 
6, Ind (Magnesium- Copper- Sulphide) 

Radio Keceptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave.. Brooklyn 11, 
N. Y¥. (Germanium Dlodes, Selenium) 

Serkes Tarsien, Inc., Rectifier Div.. Dept. 
M-5 41 College Ave Bloom - 
cate ind 

Ther Electric & Machine Works, LIA 6. 
Jefferson, Chicago 6, Ill. (Selenium) 

Transitron Electronic Corp., Wakefield, 
Mass. (Silicon) 

Vickers Electric Div., Vickers Inc., 1808 
Locust, St. Louis 3, Mo 

Westinghouse y Corp., Gateway 
Cemer, Bldg 3. 401 Liberty Ave., 
Pittsburgh 30, 


RECTIFIERS. TUBE TYPE 

Amperex Electronic Corp., 230 Duffy Ave., 
Hicksville, L. I., N. . 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y 

Electrons, Inc., 
3. X, J 


127 Sussex Ave., Newark 


a gg Electric Co., 
Jiv., Schenectady 5, i 
RCA Electron Tube Div ; 
America, Harrison, N 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


Apparatus Sales 
v 


Radio Corp, of 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor 


REGULATORS, 


Transformers 
Anus Erestete Corp., 


VOLTAGE. See also 
Variable Voltage 


358 Water, Cubs, 
Amperite Co., Inc., 561 Broadway, New 
12, N 


Carlstadt, 


c wtien- Wright Corp., J. 
1000 oa Bound- 


Fidelity Instrument Corp., 
ary Ave., York, Pa. 
General Electric Co.,. 
Div., Schenectady 5, N 
Hoffman Semiconductor Div. of Hoffman 
Electronics Corp., 930 Pitner Ave., 
Evanston, Ill 
R-B-M ‘‘Control"’ Div., 
Logansport, Ind. 
Sola Electric Co., 


Aongratne Sales 
ae 


Essex Wire Corp., 


4633 W. 16th, Chicago 
Il 
Standard Electrical Products Co., 


2240 E. 
Third, Dayton 3. Ohio 
Vickers Electric Div., Vickers Inc., 1803 
Locust, St. Louis 3, Mo, 
Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No, 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 


RELAYS and CONTACTORS 


AEMCO, Inc., 50 State, Mankato, Minn. 

A’'G'A Div. of qo Stop Nut Corp. 
of _—- 1027 Newark Ave., Elizabeth 
3, 

Ada " & “Westlake Co., 1168 N. Michigan, 
Elkhart, Ind. 

Advance Relays, . of Elgin Na- 
tional Watch Co., Ill, 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 


ELECTRICAL MANUFACTURING 





New York 2 
ae Co., 
York 12, 


Allied Control Co., “ 2 East End Ave., 
s N. Y 


Inc., 561 Broadway, New 
N, Y, (Delay Thermostatic 
Metal Bulb Type) ‘ 
Anderson Controls, Inc., 9959 Pacific Ave., 
Franklin Park, Ill. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Automatic Electric Sales Corp., North- 

lake, 
Automatic Switch Co., 
Florham Park, } 
Barber-Colman Co., 
IL 


50-M Hanover Rd., 
3 
1803 Rock, Rockford, 


Clare & Co., C. P., 3101 Pratt Bivd., 
Chicago 45, Ill. 
rl Co., 8349 Addison, 
1. 
Cramer Controls Corp., Box 8, Centerbrook, 
Conn. 
Curtiss-Wright Corp., 
(Time Delay) 
Cutler-Hammer Inc., 
Milwaukee 1, Wis. 
Durakool, Inc., Elkhart, Ind 
E-T-A Products Co. of America, 
Elston Ave., Chicago 50, Ill, 
Electro Tec Corp., South Hackensack, 


Carlstadt, N, J 
1264 St. Paul Ave. 


(Mercury) 
5085 N. 


N. J. 
Filtors, Inc., 
Washington, L, 1.. I 
G-V_ Controls Inc., 8 Hollywood Plaza, 
East Orange, N. J 
General Electric Co., 
Div., Schenectady 5 
Guardian Electric, 
Chicago 12, Ll 
Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn . 
Haydon Co., A. W., 234 N. Elm, Water 
bury 20. Conn : 
Haydon Div. of General Time Corp., 2533 
Elm, ‘forrington, (oun 
Heinemann Electric Co., 
N (Time Delay 
Jennings itucdio Mauuf a aii Corp., 970 
MclLauxhlin Ave., P, O. Box 1278, San 
Jose &. Cali 
— Switchboard and Supply Co., 6650 
Cicero Ave., Chicago 35, Il, (Mas 
Ghats Impulse) 
Kurman Electric Co Div. of Norbute 
Corp.. a EM, 191 Newel, Brooklyn 
N 


30 Sagamore Hill Dr., Port 
N 


Apparatus Sales 


5 N 
1627-L W. Walnut, 


99 Plum, Trenton 


27, 

Line Electric Co., 271 8, Sixth, Newark 

Magnecrafi Electric Co., 3352 W. Grand 
Ave., Chicago 51, Ill, 

North Electric Co., 852 S. Market, Gallon 

lo 

Obmite Manufacturing Co., 3613 Howard, 
Skokie, Ili 

Phillips Control Corp., 59 W, Washington, 
Joliet, Ill 

Potter & Brumfield Mfg. Co., Inc., Sub 
of American Machine & Foundry Co., 
Princeton, Ind 

Price Electric Corp., 
tick, Md. 

R-B-M pes. 


port, Ind. 

BCA Electron Tube Div., 
America, Harrison, N. J 

Relay Sales Inc., Box 186-B, West Chi 
cago, Ill 

Square D Co., 
kee 12, Wis 

Standard Electrical Products Co., 
Third, Dayton 3, Ohio 

Stromberg-Carison, A Div of General 
Dynamics Corp., 117 Carlson Rd. 
Rochester 3, N. Y. 

Struthers-Dunn, Inc., 

Tung-Soi Electric Ine. 
Newark 4 

Universal Relay Corp., 42 White, New York 
13, N. Y. 


1500 Church, Frede- 


Essex Wire Corp., Logans- 


Radio Corp. of 


4041 N. Richards, Milwau 
2240 E 


Pitman, N. J. 
Electreswitch Div. 


Ward Leonard Electric Co., 34 South 
Mount Vernon, N 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No, 8, 401 Liberty Ave.. 
Pittsburgh 30, Pa 
Weston Electrical Instrument Corp., A sub 
Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J 
Wheelock Signals, Inc., 
Ave., Long Branch, N, 
Wiegand Co., Edwin L., 
Bivd., Pittsburgh — 2. 
Zenith Flectric Co., 152 W. Walton, Chi 
cago 10, Til 


273 Branchport 
7530 Thomas 


REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors ; 
Switches; Controls, Pressure and 
Temperature 


RESINS, INSULATING. See Varnishes 
Compounds and Resins, Insulating, 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 
Highway, Newark 4 ‘i 

Driver-Harris Co., Harrison, N. J. 

Kanthal Corp., 3 Amelia Pl., Stamford, 
Conn. 


Hi McCarter 


RESISTANCE HEATING UNITS. See 
Heating Elements and Units 


RESISTANCE LINE CORDS 


General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist 
ance, 


RESISTORS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y, (Bulb Type) 

Contsaled, Div. of Globe-Union, Ine., 
623 E, Keefe Ave., Milwaukee 1, Wis. 


NOVEMBER 1958 


Clarostat Mfg. Co., Inc., Dover, N. H. 
Cutler-Hammer Inc., 1264 St, Paul Ave 
Milwaukee 1, Wis. 
Daven €o., 536 W. Mt. 
Route 10, Livingston, N. J. 
Erie a Corp., Electronics Div 


Pleasant Ave 


Hardwick, “iinate Inc., 40 Hermon, New 


International ‘Resistance Co., 401 N 
Broad, Philadelphia 8, Pa. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind 

Ohmite us apanes Co., 
Skoki Ill, 

RCA Electron Tube Div., 
America, Harrison, 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Square D Co., 
kee 12, Wis 

Stackpole Carbon Co., St 

Texas Instruments 
Lemmon Ave., Dallas 9, 

Ward Leonard Electric Co., 
Mount Vernon, N. Y¥ 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuyser 
Ave., Newark 5, N, J 


3613 Howard 
Radio Corp. of 


4041 N. Richards, Milwau 


Marys, Pa 
Incorporated, ts 


RESISTORS, POWER CIRCUIT 
Allen-Bradley Co., 1316 8S. Second, Mil 
waukee 4, Wis 
Cutler-iammer ~ 
Milwaukee 1, Wis, 
Daven Co., 536 W Mt. 
Route 10, 
= Resistor C orp., 


1264 St. Paul Ave., 


Pleasant Ave., 

Livingston, N 

Electronics Div., Erte 

General Electric Co., 
Div., Schenectady 5, N, Y. 

Hardwick, Hindle, Inc., 40 Hermon, New 
ark 5, N. J 


International 


Apparatus Sales 


Resistance Co., 401 N 

Rroad, Philadelphia 8, Pa, 

Mallory & Co., Inc., P. R., Indianapoli» 
6, tnd 

Ohmite Mfg. Co., 3613 Howard, Skokie 
Il. 

Sprague Electric Co., 307 Marshall, North 
Adams, Mass 

Ward Leonard Electrie Co., 34 South 
Mount Vernon, N. Y. 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, 

Amperite Co., Ine., 561 Broadway, New 
York 12, N. Y. (Bulb Type) 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler- Hammer _. 1264 St. Paul Ave., 
Milwaukee 1, 

Hardwick, “Tuinane es 
ark 5, J 

Maney a Co., Inc., P. R., Indi 1 


40 Hermon, New- 


time switches — 

motor starters — 

lighting — equipment 

control — all applications 

requiring complete reliability and long service life. 
All parts are accessible—readily inspected, easily 
replaced. Full floating armature permits perfect 
magnetic seating, silences AC hum. 

Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quick opening. 
Coil will not overheat in 24-hr. continuous service. 

Zenith contactors are made for severe 
duty. Capacities to 400 amps. 


Send for this handy new bulletin 


See classified telephone directory 
for name of local distributor 


ZENITH ELECTRIC CO. 


182 WEST WALTON STREET + CHICAGO 10, ILLINOIS 








Ind, 
Otmite Mfg. Co., 
Il 
Ward Leonard Electric Co., 34 South. 
Mount Vernon, N. Y. 


3613 Howard, Skokie, 


RHEOSTATS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4. Wis. 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Cutler-Hammer Inc., 1264 St. Paul Ave., 
Milwaukee 1, Wis, 

General Electric Co., 
Div., Schenectady 5, 
Hardwick, Hindle, Inc., 40 
Newark 5, 

National Electric Controller Co., 7070 
Glenwood Ave., Chicago 26, IIL. 

Ohmite Mfg, Co., 3613 Howard, Skokie, 


34 South, 


Apparatus Sales 
x = 


Hermon, 


i. 

Ward Leonard Electric Co., 
Mt. Vernon, N. Y 

Westinghouse . 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa, 


Electric Corp., Gateway 


RHODIUM 


Engelhard Industries, Inc., Chemica] Div.. 
113 Astor, Newark 2, N, J. 


RINGS, COLLECTOR 
Electro Tec Corp. South Hackenseck 


= 

Ergelhard Industries, Inc.. D. E. Make- 
peace Div., Attleboro, Mass. 

General Plate Div., Metals & Controls 
Corp., 1909 Forest, Attleboro, Mass, 

Midwest Molding & Mfg. Co., 123 Rotary 
Dr., Gurnee 96, Ill. 

Nippert Electric Products Co., 1759 W 
Mound, Columbus 23, Oh 

Toledo Commutator Co., South Chestnut 

Owosso, Mich. 


RINGS,. RETAINER and SNAP 
Enpeseriet pong am | Ring Co., TO ae EM. 
57 Cordier, Irvington 11, J. 
wanes Lock Wasner Co., Mie Hermon, 
Newark 5, N. J. 
United States Gasket Co., Plastics Div 
of The Garlock Packing Co., 


Waides Kohinoor, Inc., 47-16 Austel Pl., 
Long Island City, N. Y, 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 

Chicago Rivet & Machine Co., 948 8. 
25th Ave., Bellwood 1. 

Milford Ma & Machine Co., Milford, 
Con 


Make sure your products have 
the exact coils specified by your 
design engineers. Every Dano 
coil, regardless of type or quan- 
tity, is custom made to exact 
specifications — just what the 
doctor ordered to insure healthy, 
trouble-free performance. 





Cotton Interweave 
Form Wound 
High Temperature 


Encapsulated 
Bobbin 
Paper Interleave 


ALSO, TRANSFORMERS MADE TO ORDER 





Camden | 








Write today for prompt analysis of your 
requirements — no obligation! 


Tle DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 














Circle 335 on page 17 








New T&B PT66-M Sta-Kon” wire joints 
ay 


7] 


Pat. Pending 


with Se Uht0Ugh” 

insulating caps— 

the fastest, neatest, 

most permanent way to do the job! 
Easy as 1-2-3 


] Twist wires and insert into 
heavy-gauge bronze body 


* small compact size 

* brightly colored trans- 
parent cap can’t vi- 
brate loose . . . per- 
mits visual inspection 
of joint 


2 Apply staking pressure, then 
trim off excess wire. 


3 Screw on transparent plastic 
insulating cap — the job is 
done .. . and you can SEE how 
you've done it 


wide range — solid or 
stranded combinations 
up to 3-712 AWG 


Max. 
56.90 


See introductory kit 
at your distributors... 








Heres the tool to use... 
T&B’s new Sta-Kon plus Pliers 
combines standard  elec- 
trician’s ‘’side cutters’’ with a new 
design, wide-range installing die in 
handle for PT66-M and other A, B, and 

C series Sta-Kon connectors 








= 


THE THOMAS & BETTS CO. - 


INCORPORATED (3 UL 
28 Butler Street * Elizabeth 1, New Jersey % 
Thomas & Betts Ltd., Montreal, P. Q., Canada 
Circle 336 on page 17 





---HAS MADE 


DUDEK & BOCK 


WIRE FORMS 
SPRINGS 
METAL STAMPINGS 


In Industry, in homes, farms and 
shops, you'll find daily, living proof 
that D-&-B's KNOW-HOW pays 
out in EXTRA performance. Rely 
on expert engineers for parts that 
meet your exact needs and save 
you MONEY! Get Wire Forms, 
Springs and Stampings that are 
easily assembled . . . that 
withstand stress . . . and 
perform under the most 

trying conditions! 


<peeDY DELIVERY 


WRITE — WIRE — or PHONE 
for Estimates and Delivery Dates 


DUDEK & BOCK 


SPRING MFG. CO. 
4014 W. Grand, Chicago 51, Ill. 


Phoue- 
?» DICKENS 2-1020 


Circle 337 on page 17 


| 


Thomson Mfg. Co., Judson L., Dept. D, 
Waltham 54, Mass 


ROLLER BEARINGS. See Bearings, Ball 
and Roller, 


RUBBER and RUBBER PRODUCTS 
Acadia Synthetic Products Div., Western 
it Works, 4021-4139 W. Ogden Ave., 

Chicago 23, l 

Auburn Manufacturing Co., 306-1 
Middletown, Conn. 

Chicago Rawhide Manufacturing Co., 
Elston Ave.. Chirago 22, Ill 

Connecticut Hard Rubber Co 
New Haven 9, Conn 

Dow Corning Corp., Midland, Mich. 

Enjay Co., Inc., 15 West 5ist, New York 


> -. 
General Electric Co., 
Decatur, Ill, 
Jobns-Manville, Dutch 
7800 y lawn Ave., 
Stalwart Rubber Co., 
Bedford, Ohio 


Stack, 
1279 
, 419 East, 


Plastics Dept., 


Brand Products, 
Chicago 19, Ill 
160 Northfield Rd., 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters 


SCRAPER RINGS. See Rings, 
and Snap. 


Retainer 


SCREW DRIVING MACHINES 


Bristol Co., Socket Div., 
bury 20, Conn. 


Screw Water 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics, 

Aluminum Co. of America, 
Pittsburgh 19, Pa 

Chase Brass & Copper Co., Sub 
necott Copper Corp., 


Alcoa Bidg., 


of Ken- 
Waterbury 20 


onn. 
Merkle-Korff Gear Co., 211 N, Morgan 
Chicago 7, lll 


Milford Rivet & Machine Co., Milford 
Conn 


SCREWS. See Fasteners 


SEALING COMPOLNDS. See Cement, 
Insulating and Seajing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 

Advanced Vacuum Products, Inc., Div. of 
General Ceramics Corp., 430 Fairfield 
Ave., Stamford, Conn. 

American Lava Corp., 
enn 

Amphenol Electronics Corp., 1830 8. 
Ave Chicago 50 

Constantin & Co., L. 


Chattanooga 5 
54tb 
Til, 

L., Route 46, Lodi 


Electrical Industries, Div, of Philips Elec- 
tronics, Inc., 691 Central Ave., Murray 
Hill, N. J. 

Fusite Corp., Dept. B-2 

Cincinnati 13, Ohio 
Ceramics Corp., Keasbey, N. J 

Genera! Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (Glass Bushings) 

Hermaseal Co., 1010 Main, Elkhart, 


nd. 
International Resistance Co., 401 N. Broad, 
Philadelphia 8, Pa 
Kearfott Co., Inc 
Clifton, N, J 
Phillips Control] Corp., 50 W. Washing 
ton, Joliet, Ill 


6000 Fernview 


Inc., 


1378 Main Ave., 


SEALS, MECHANICAL. 
Automatic and Precision 
Co., 252 Hawthorne 


(Rotary Shaft) 


Manufacturing 
Ave., Yonkers, 


N. Y 
Crane Packing Co., 6424 Oakton, Morton 
Grove, Ill 


SEALS, OIL and GREASE 

Chicago Rawhide Manufacturing Co., 1279 
Elston Ave., Chicago 22, 

Gits Bros. Mfg. Co., 1846 8 
Ave., Chicago 23, Ill 

United States Gasket Co., Plastics Div 
of ee Garlock Packing Co., Camden 

N A 


Kilbourn 


SELENIUM RECTIFIER. 
Semiconductor. 


See Rectifiers, 


SEMICONDUCTOR PRODUCTS. See Rec- 
tifiers, Semiconductor; Transistors and 
Crystal Diodes 


SERVOMECHANISMS (Controls, 
ehros, ete.) Also see Motors. 


Clifton Precision Products Co., 
Clifton Heights, Pa. 

Diehl Manufacturing Co., Electrica] Div. 
of The Singer Manufacturing Co., Som- 


erville. N 
Dir, 
:. = 


Syn- 


Inc., 


Helipot Corp., 
ments Inc., 
Beach. Calif. 

Inland Motor Corp., Dept. B, 23 W. 
Washington Ave., Pearl River, N, Y 

Kearfott Co., Inc., 1378 Main Ave., Clif- 
ton, N. J 

Oster Manufacturing Co., John, Avionic 
Div., Racine, Wis 

Servospeed Co., Div. of Electro-Devices 

-, 4 Godwin Ave., Paterson 1, N, J. 


SHAFTS, FLEXIBLE 


United States Gasket Co., Plastics Div. 
¢ fama Packing Co., Camder 


of Beckman Instru- 
é ox 458, Newport 


SHEAVES. See Drives. Belt. 


SHEET METAL FABRICATORS 

Cox Co., H. F., 601 Ottawa Ave., N. W. 
Grand Rapids 2, Mich. 

Esco Engineering Co., P.O. Box 184, 
Broadview, Ill. 

Hoffman Engineering Corp., Dept. EM-9), 
Anoka, Minn 

Keystone Mfg 
Warren, Mich 


t 
Kirk & Blum Manufacturing Co., 3123 
Forrer, Cincinnati 9, Ohio 


Co., 23358 Sherwood Rd., 


SHEETS, ELECTRICAL. See Steel, Elec- 
trical 


ELECTRON TUBE 
Hayes Ave. 


SHIELDS, 

Magnetic Metals Co., 
Camden 1, N 

Magnetics, In 


at 2ist, 
Box 391, Butler, Pa 


SHIPPING SERVICES 
United Air Lines, Cargo Sales Div., 36 8, 
Wabash Ave Chicago 3, Ill 
SIGNAL DEVICES 
Crouse-Hinds Co., Syracuse 1, 


N. ¥ 
Wheelock Signals ne., 3 Branchport 
Ave., Long Beach, N. J 


ASSEMBLIES. 
Indicater, 


SIGNAL See 


Lights, 


LIGHT 
Pilot and 
and 


SILICON Transistors 


Crystal 


DIODES. 
Diodoes 


See 


SILICONES 


Auburn Manufacturing 
Middletown, Conn 
Continental-Diamond Fibre, A 
The Budd C« Newark 13, Del 
Dow Corning Corp., Midland, Mich 
General Electric Co Silicone Products 
Dept., Waterford, N 
Insulation Manufacturers 
Washington Bivd., Chicago 6, Ill 
National Vulcanized Fibre Co., Wilming- 
ton 99, Del 
Natvar Corp., 207 
bridge WN. | 
Taylor Fibre Co., 
Union Carbide Corp 
Lexington Ave.. New 
Varflex Corp.. 309 N 


Co., 306-1 Stack, 


Sub. of 


Corp., 565 W 


Randolph Ave.. Wood- 
Norristown 37, Pa. 
Silicones Div., 420 
York 17, N. Y¥. 
Jay, Rome, N. Y. 
SILVER and SILVER ALLOYS. See also 
Contacts and Contact Points, For Solder, 
see Brazing Alloys, Silver 
Brainin Co., C. S Washington, 
Vernon, N 4 
Deringer Metallurgical 
ticello Ave., Skokie 
Engelhard Industries 
Platinum & Silver Div., 
road Ave Newark 5, 2} 
Fanstee! Metallurgical Corp., 
cago ul 
General Plate Div., Metals and Contrels 
Corp., 1910 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 
, mvs 


318 


Mt 


Corp., 8111 Mon 
Ill 

American 
. il- 


ne., 

231 N. J. Rail 
i. J 

North Chi- 


Mallory & Co., Inc., P. R., Indianapolis 


6. Ind 


SLEEVE BEARINGS. 
Bushings, 


See Bearings and 


SLEEVE, 


and Sleeving, 


SATURATED. Sce 
Braided Fabric. 


Tubing 


SLEEVING and TAPE, ASBESTOS 


Insulation Manufacturers Corp., 565 
Washington Blvd Chicago 6, Ill 

Johns-Manville, Box 14, New York 
i me 


SLIDE ASSEMBLIES 
Chassis-Trak Ine., 525 8 
dianapolis, Ind 


Webster, 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N, J 


SLIP RINGS. See Rings, Collector, 

SLOT INSULATION. See Fabrics, Insu- 
lating; Mica; Paper, Insulating; Tubing 
and Sleeving, Braided Fabric, 


SLOTTERS, MICA. See Commutator Saws 
and Slotters 


SOCKET SCREW KEYS and 
WRENCHES 


Allen Manufacturing 
Hartford 5, Conn 


Co., 133 Sheldon, 


SOCKETS and ADAPTERS, RADIO, See 
Plugs and Receptacles. 


SOCKETS and RECEPTACLES, LAMP 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., North- 
lake, Ill 

Circle F Mfg. Co., Trenton 4, N. J. 

Dialight Corp., 44 Stewart Ave., Brook- 
lyn 37. N, Y. 

Drake Manufacturing Co.. 1711 W, Hub- 
bard, Chicago 22, II. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

United States Gasket Co., Plastics Div. 
f i Garlock Packing Co., Camden 1, 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp <AuvSiliarics 


ELECTRICAL MANUFACTURING 





SOCKETS, VACUUM TUBE 

Amphenol hiectromics Corp., 
Ave., Chicago 50, 

Mycalex Corp, of America, 
Clifton, N, J. 

United States Gasket Co., 


is3U S, 54to 
Clifton Blvd., 


Plastics Div. of 
me Packing Co., Camden 1, 


SOCKET SCREWS. See Fasteners, 


SOLDERING COMPOUNDS 
(Fluxes, Paste, Liquids, 
Chase Brass & Copper Co., 
necott Copper Corp., 
Essex Wire Corp., 
Fort Wayne, Ind 
General Electric Co., 
Div., Schenectady 5, 
meaty _ Harman, 82 


Salts, ete.) 

Sub. of Ken- 
Waterbury 20, Conn. 
Wire and Cable Div., 
Sales 


York 


Apparatus 
NY¥ 


Fulton; New 
Kester ‘Bolder @.. 
Chicago 39, 
London Chemic = 

3lst Ave., 


4209 Wrightwood Ave.. 


"Co., Inc., 1537 Nortk 
Melrose Park, Ill 


SOLDERING EQUIPMENT 
(Irons, Machines, ete.) 
General Electric C 0., Apparatus Sales Div., 
Schenectady 5, } é 
Vulean Electric Co., Danvers 2, Mase 
SOLDERLESS CONNECTORS, See Con- 


nectors, Wire and Cable 


SOLDER PRE-FORMS. 
Alloys, Silver 


Handy & Harman, 82 Fulton, 
®, N. Y 


See also Brazing 
New York 
Kester Solder Co., 

Chicago 39, Ill 


4209 Wrightwood Ave., 


SOLDER, SELF-FLUXING 
For Silver Solders, see Brazing Alloys. 

Kester Solder Co., 4209 Wrightwood Ave., 
Chicago 39, Ill 

London Chemical Co., 
Melrose Park, Ill 


1537 N. 31st Ave., 


SOLENOIDS 
Allen-Bradley Co., 
waukee 4, Wis 
Anderson Controls, 
Franklin Park, 
Automatic Electric 
lake, Ill. 
Automatic Switch C ‘0., 
Florham Park, J 
Cannon Electric 
Humboldt, 
Comar Electric 
18, Il 


1316 S. Second, Mil- 


Inc., 9959 Pacifie Ave., 


Sales Corp., North- 


50-M Hanover Rd., 


Co., Dept 3209 
Los Angeles 31, € 


Co., 3349 Addison, 


500, 
“alif, 
Chicago 


Controls Co. of 
Ave., Schiller 
Cutler-Hammer, 
Milwaukee 1, 
Pittsburgh 22, 
Detroit Coil Co., 
20. Mich 
Dormeyer Industries, 
Chicago 41, IIL 
General Electric Co., 
Div., Schenectady 5 
Guardian Electric, 1627 
Chicago 12, Ill 
Leland, Inc., G. H., 
2, Ohio 
National Acme Co., 
land 5, Ohio 
Oak Mfg. Co.. 
Chicago 10, Ill 
Phillips Control Corp., 
HY 


America 
Park, Ill. 
Inc., 1264 St. 
Wis. 

Pa. 

2435 Hilton Rd., 


9551 Soreng 


Paul Ave., 


Detroit 
3424 Milwaukee Ave., 


Apparatus Sales 
= 


-L W. Walnut, 


123 Webster, Dayton 


176 E. 131st, Cleve- 


1260 N. Clybourn Ave., 


59 W. Washington, 


¥ Essex Wire Corp., Logans- 


Relay Sales Inc., Box West Chi- 
Il 


186-B, 


1. 

Rolenoia, . & & 
City, C 
Struthers-Dunn, 
Westinghouse 


Box 1124 Culver 
Inc., Pitman, N. J. 
Electric Corp... Gateway 
No. 3, 401 Liberty Ave., 


Center, Bidg 


SPEED INDICATORS. See Tachometers. 
SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors 
Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Ft. Wayne, Ind, 
a Electric Co., 1806 Pine, St, 
0 
Eaton Mfg. Co., 
Fourteenth Ave., Kenosha, Wis. 
General Electric Co., Apparatus 
Div., Schenectady 5, N, Y¥ 
Janette Electric Mfg. 
ll 


Louls 
3307 
Sales 


Dynamatie Div., 


Morton Grove, 


4802 W. 


Co., 


1, 
Lovejoy Flexible Coupling Co., 
Lake, Chicago N 1, 
Metron Instrument Co. 
ver 3, Colo. 
Reeves 


457 Lincoln, Den- 


0 
Pulley Co., Columbus, Ind. 


SPRINGS, COIL and FLAT 

American Steel & Wire Div., U, S. Steel 

SP. Rockefeller Bidg., Cleveland 13, 
io 

Associated Spring 


Corp., Bristol, Conn 
B-G-R Div., 


Associated Spring Corp.. 
Plymouth & Ann Arbor, Mich 
Barnes Div., Wallace, Associated Spring 
Cerp., Bristol, Conn, 
85 CHf, New 


Chatillon & Sons, Je hn, 
York 38. } 

Dudek & Bock Spring Mfg, Co., 4016 W. 
Grand Ave., Chicago 51, Il. 

Dunbar Bros. Div., Ra cerca Spring 

-, Briscol, Con 

Gibson Div. William D., Associated 


Spring Corp., 1800 Clybourn Ave., Chi- 
ago 14, Ill, 


NOVEMBER 1958 


Old Wm. Penp 
Pa 


22 Spring Ave., Lans- 
Inc., 244 Ber- 


Gibson Electric Co., 
Highway, Delmont, 
Hunter Spring Co., 
(nha. Specialties C 
Instrument pecialties Co., 
gen Bivd., fad Falls, N. ¥. (Beryl- 
lium, Cop 
Lewis boring “e i 2646 W. Nortb 
Ave., Chicago 47, Ill 
Manross & Sons Div., F. N., Associated 
Corp.. Bristol, Con 
. Associated Spring Corp.. 
Wis 
Associated Spring Corp.. 
Associated Spring 
Corp.. Pa 
Seaboard Pacific Div., 


Associated Spring 
Corp.. Gardena. Caiit. 


STAINLESS STEEL. See Steel. Commer- 


cial Forms and Grades 


STAMPINGS, METAL 


Auburn Manufacturing 
Middletown, Conn. 
B-G-R Div., Associated Spring Corp. 
Plymouth & Ann Arbor, Mich 
arnes Div.. Wallace Associated Spring 
Corp.. Bristol, Conn 
Barnes-Gibson-Raymond Div Associated 
Spring Corp., 40300 Plymouth Rd., 
Plymouth. Mich 
Chase Brass & Copper Co.. Sub. of Ken- 
necott Copper Corp., Waterbury 20, 
8111 Mon- 
4016 W 


Co., 300-1 Stack, 


Conn. 
Deringer Metallurgical 
ticello Ave., Skolie, 
Dudek & Bock Spring Mfg 
G . Chicago 51, 
Div.. 
Conn 
Corp.. 


Co., Erie 


Corp., 
Ill. 

Co., 
Associated Spring 


Cc 
Erle Electronics Div., 
Erie. 

Fryling Mfg. . Pa. 
Gibson Div., William D.. 
Spring Corp., 1800 


Chicago 14, . 
‘o., Kenilworth 1, N. 


Heyman Mfg. J. 
Iiseo Corp., Dept. i: &, 4730 Madison 
3122 


Cincinnati 27 
Kirk and Blum Manufac turing Co.. 
Forrer. Cincinnati 9, Ohio 
Laminated Shim Co., Inc. 4808 Union, 
Glenbrook, Conn 
2646 W. North 
4021 


Resistor 
Pa 


Associated 
Clybourn Ave... 


Lewis Spring & Mfg. Co.. 
Ave., Chicago 47. 
Maleo Tool and Manufacturing Co., 
W. Lake. Chicago 24, Il. 
Manross & Sons PDiv., F. N., 
Spring Corp., Bristol, Conn. 
Merkle-Korff Gear Co., 211 N. 
Chicago 7. Ill. 
Milwaukee Div.. 
Milwaukee, Wis 
Mohawk Mfg. Co., 
(Threaded) 
Ohio Div., 
Dayton. Ohio 
Raymond Mfg. 
orp.. Corry. Pa 
Seaboard Pacific Div.. 
Corp.. Gardena. Calif 
Sylvania Electric Products, 
Broadway. New Yor 
United-Carr Fastener 
42, Mass 


Associated 
Morgan, 

Associated Spring Corp. 

Middletown, 


Associated 


Conn 
Spring Corp.. 


Div., Associated Spring 
Spring 
1740 


* Cambridge 


Associated 
Inc., 


Corp. 


STAMPINGS, NON-METALLIC 
Auburn Manufacturing Co., 306-I Stack 


Middletown. Conn 
Contipentel- Diamond Fibre, A Sub of The 
0. ne 


. Newark 18. Del. 

Fryling Mfg. Co., Erie, Pa. 

STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auriliaries. 


STARTERS, MOTOR. See Controllers, 
otor. Push Button Stations. 


STEATITE. See Ceramics. 


STEEL (Commercial Forms and Grades) 


frp nt 

Stain 

Cold Iolled Only 
Sheets and Strips 
Tubing (T) 

(See “leo Steel, Electrical) 

Ky. 


Oliver 


Acme-Newport Steel Corp., 


Allegheny Ludlum Steel Corp., 
Bidg.. Pittsburgh 22, Pa. (NS) 

American Steel & Wire Div., U. 

D., Rockefeller Bidg.. Cleveland” sty 

Ohio (NS) 

Barnes Div., Wallace, Associated Spring 
Corp.. Bristol. Conn. (8-CO) (Spring) 

Carpenter Steel Co., 115 W. Bern, ad- 
ing, Pa. (S-BNT) 

Chase Brass & Coppe’ 
ees Copper Corp. ° 


Newport, 


Co., Sub. of 

aft Waterbury 20. 

Columbia-Geneve Steel Div., U. 8. Steel 
Prenciees, Calif 


B., 1875 McCarter 
N. J (Stainless 


Steel Corp., Strip 
Btee Div., Youngstown 1, Ohio 
(ACDNOS) 

Jones & Laughlin Steel Corp., Stainless 
Steel Div., P.O, Box 4606, Detroit 34, 
Mich. (BNS) 

National Tube Div., U. 8S. Steel Corp., 
Pittsburgh, Pa. 

Tennessee Coal & U. 8S. Steel 
Cop. Fairfield, Ala. 

vu. Steel Corp.. 525 William Penn P 
Pittsburgh 30. Pa. (S-ACDN) (T- AGN 


re 
Laughlin 


Iron Div., 


| 
| 
| 


NEW POWER 
SUPPLY CORD IDEAS 


in VINYL from ROYAL 


for Radio, TV, and Hi-Fi Manufacturers! 


NEW SNAP-AND-LOCK TV 
connectors. Easy to install 

can’t pull out. Built-in 
strain relief. Available in 
three styles with 5/16” 
extension shoulder (shown), 
¥3” shoulder, or flush front. 


NEW RIGHT ANGLE (rivet 
type) connectors (part 
TVAC) for Radio, TV, and 
Hi-Fi applications. Also 
straight connectors (part 
TVCT). 


NEW FINGER-PULL HANDLE 
CAP — a right angle cap with 
built-in finger-fitting handle. 
Ideal for portable radios and 
other applications. Styled to en- 
hance your product. 


NEW TRADE MARK SERV- 
ICE available to quantity 
buyers of power supply 
cords. Another opportunity 
for you to display your 
nationally advertised trade 
mark. 


NEW CHOICE OF BLADE DESIGN 
— caps available with either solid, 
flat, or spring-action blades at your 
option. 


NEW COLOR SPECTRUM 

ire power supply 
cord from cap to con- 
nector . can be furnished in 
practically any color of the 
rainbow. 


Let us quote on your design specifications . . . or write for 
added information on these and other ROYAL POWER 


SUPPLY CORDS. RO 


ROVAL ELECTRIC 
CORPORATION 


an associate of International Telephone 
and Telegraph Corporation 


Pawtucket e« Rhode isiand 


Circle 338 on page 17 





LECTR. 


Resin Cast and 
Encapsulated 


Transformers 


Transformers, reactors, 
saturable reactors 

and specialty electronic 
devices are manu- 
factured with the latest 
techniques of epoxy 
resin and other special 
treatments. Either single 
or polyphase units. 


Complete design and engineering 
service. For the complete story write 
for Bulletin 53D. 


1901 


ELECTRAN MFG. CO. 


CLYBOURN AVENUE + CHICAGO 14, ILLINOIS 


Circle 339 on page 17 





KURMAN RELAYS 


to serve you better... 


LEADING 
DISTRIBUTORS 


FROM COAST 
TO COAST 


now carry the entire line of 


KURMAN 
RELAYS 


@ IMMEDIATE DELIVERY FROM STOCK 
@ FACTORY PRICES 


Send for complete catalog 


KURMAN 
ELECTRIC CO. 


DIVISION OF NORBUTE CORP. 
Quality Relays Since 1928 


191 Newel Street 
Brooklyn 22, N.Y. 
Export: 135 Liberty St., N. Y. 
Cable: TRILRUSH 


Circle 340 on page 17 





STEEL, 1} 
(Sheets and Strip 

Acme- Newport ot aN Newport, Ky. 

Allegheny Ludlum Steel Corp.. Oliver 
Bidg.. Pittsburgh 22, Pa. 

Armco Steel Corp., 1378 Curtis. Middle- 

1441 


town, 
Corp., Dept. 5926, 


° 
Republic Steel 
Republic Bidg., Cleveland 1 o 
Corp.. ag William Penn 
a. 


(Silicon) 


U._ 8. Steel 
Pl., Pittsburgh 30. 


STRAIN 
Clamps. 


RELIEFS. 
Strain Relief 


See Grips and 


STRIPPERS, WIRE 
Artos pe 
Milwaukee 7, Wi 

Eraser Co.. Inc... 
cuse 4. N. Y. 

Holub Industries. 
more, Iii 

Londcn Chemical Co., Inc., 

ve.. Melrose Park. Ill 


Co.. 2737 8. 28th. 


1068 8. Clinton, Syra- 


445 Elm. Syca- 


1537 N. Biet 
(Solvent) 


Inc., 


STRIPS. BLOCKS and BOARDS. 
TERMINAL 
Incorporated, 
Narrisburg, 
Lava Corp.. 


5284 Eisenhower 
Pa 


American 


enn. 
Audio Development Co., 
South Minneapolis 
Buchanan Electrical 
Rovte 22. Hillside . 
Burndy Corp., Omaton 


Chattanooga 5 
2836 13th Ave 

Corp., 225 
Norwalk 


Div... 
Development & Mite. 
3rd. Milwaukee 6. Wis 
Cutler-Hammer, Inc., 1264 St 
Milwaukee 1, W 
Hart Manufacturing Co., 
A Co 


c mn 

urtis Co 8204 
N. 33 

Paul Ave 

211 Bartholomew 
ve.. Hartford 1, 

Ilsco Corp 


F-4, 4730 Madison 
Ohto 


Cinch Mfg. Corp 


Brookfield, Il. 
of America. Clifton Bivd., 


Div. of 
117 


Dept 
Rd., Cincinnati 23, 
Jones Div., Howard B.. 
Chicaxo 24. Ill 
Molex [roducts Co., 
Mycalex Corp 
Clifton. N.J 
Stromberg-Carison. A 
Dynamics Corp., 
Rochester 3. N. ¥ 
Thomas & Letts 
Elizabeth 1, N. 
United States 
of The 
1, N.J 


General 
Carlson Rd 


28 Butler. 


Div 
Camden 


Co., Ine.. 
N.J 

Gasket 
Garlock 


Co., 
Packing 


Plastics 
Co... 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) 
Limit (Snap- Action) 
Magnetic 
Mercury 
Pressurs 
Therma) 
Time 
Transfer 
Vacuum 
Laneey 
Foo 
Senter (Series Multiple) 
Jack, Key and Lever 
Panel 
Snap (Toggle, Slide. 
Rotarv) 

Remote Control 
Selector 
Through Card 

1 


and Fixture 


(Snap) 


Speed Control 
ry 


Push Button 


See also Circuit 
Stations; 
Timers 


Breakers: 


Push 
Controllers, 


Motor; 


Button 
Relays: 


AEMC ° 
(GR 

PF mn & Westlake Oe. 
gan, Elkhart, Ind, 

Allen Bradley Co., isis 
waukee 4. Wis. _— EFIP 

Allied Control Co., 2 East hs Ave.. 
New York 21, N. 7° “(CDG 

Anderson Controls, Ine., 9959 Pacifi Ave., 
Franklin Vark, Ill 

Atrow-llart & Hegeman Electric Co 
———— Hartford 6, Conn 

Automatic Electric Sales Corp., 
lake. Ill (HCDGHLN TST VW) 

Automatic Switch Co. efi: Hanover Rd., 
Florham Park N, 

Centralab, Div, of Globe- Union Inc., 962K 
K. heefe Ave., Milwaukee 1, Wis. 
(NSW) 

Cherry Electrical 1650 
Deerfield Rd., Til 

N. J. 
Bivd., 


152nd, Cleve- 
3349 Addison, 


erica, 9551 
Ill. (AB 


Inc., 50 State. Mankato, Minn. 


1168 N. Michi- 
oe Mil- 


. 103 
(ACDHK 


North- 


Products Corp., 
Highland Park, 


Co., Trenton 4, 


Cc, P., 3101 
Ill. (sW) 
Clark Controller Co., 1146 E. 
and 10, Ohio 
Comar Electric 
Chicago 18. TIL 
Controls Co. of Am 
Ave.. Schiller Park, 
Cramer Controls Corp., Box 
brook, Conn. (C) 
Crouse-Hinds Co., 
(DPSV) 
Curtiss-Wright Corp., 
Cutler Hammer, 
Milwaukee 1, 
Daven Co., 536 ne Pleasant Ave.. 
Route 10, Livingston, N. J. (8) 
Detroit Controls Corp., Div. of American- 
Standard. 5908 Trumbull Ave., Detroit 
8, Mich. (BEFJXY) 
Durakwwl, Inc., Elkhart, Ind. (D) 
some Signal Corp, 202 20th, Moline, Ill. 


Switch Div., 4238 W. 
(BNOPSVWY) 


Pratt 


( 
Co., 
(N) 


Soreng 
ELPS) 
8. Center- 
Syracuse 1. N. Y. 


Caristadt, N. J. (F) 


Inc., 12 


Electrosnap Corp., 
Lake, Chicago 24, Mm. 


Electro Switch Corp., Weymouth 88, Mass. 
(HPRSW) 

Furnas Electric Co., 
lll. (ABCEFLO) 

G-V Controls, Inc., 8 
East Orange, N ( 


1024 McKee, Batavia. 
Hollywood Plaza. 
FG) 


General Electric Co., Construction Ma- 
terials Div., Bridgeport 2, Conn. (8S) 

General Electric Co., Apparatus Saes Div 
Schenectady 5 Y (ABCDEFGHJK 
MNOPRESTI vwy) 

Guardian Electric, 
Chicago 12. Lil (OrGIIN 

-e Manufacturing Co., 211 ’ Bartholomew 

ve.. Hartford 1. Conn 3 

m2 Div. of General Time Corp., 
Elm. Torrington, Conn, (¢ 

oe Electric Co., 99 


1627-L ae Walnut, 


3) 
Plum, Tren- 

ave... 
970 
San 


2. J. (0) 

Hetherington, ine. 1200 Elmwood 
Sharon Hill, Pa. (P) 

Jennings Radio Manufacturing Corp., 
ow eT Ave., P x 1278 
Jose 8. 

Kellogg Switchboard and Supply Co 
8. Cicero Ave., Chicago 38, Ill 
(Crossbar) 

Leland, inc., G. HL, 


6650 
(s) 


123 Webster, Daytor 


Co.. Inc., P. R., Indianapolis 
Ind. (GNPSWY) 

Mechanical Industries 
Ash, Akron 8 

Micro Switch, A of Honeywell, 
port, Ill. (BDFLSW) 

Miller-Harris Instrument Co 
den Ave., Milwaukee 2, Wis 

National Acme ( KE. sist 
land 5, Ohio (BPY) 

North Electric Co., 852 S. Market 


2. Ohio 
Mallory & 
Production Co.. 211 
Free 


611 E. Og 
(G) 
Cleve 
Galion 
1260 N. Clybourn Ave., Chi- 
(NWZ) 
3613 


Howard, Skokte 


Essex Wire Corp., Logans- 


d. 
Sales Inc., Box 186-B, West Chi- 


cago 
Hobertshaw-Fulton Controls Co., Acro Div.. 
Columbus 16. Ohio (B) 

Spencer Div., Metals & Controls Corp., 
3610 Forest, Attlebero, ates. (EF) 
Square D Co 404 ti srds, Milwau 

ee 12. Wis (ABC EF LOW R) 
Stackpole Carbon Co., St. Marys, Pa. (P) 
Stromberg-Carison, A Div. of General Dy- 

namics Corp., 117 Carlson Rd., Rochester 
i, © 


pttman, N 


Struthers-Dunn. Ine.. J 
Elston 


Switcheraft, Inc., 55 
Chicago 30, 1) a 

Tabet Manufacturing Co., Inc., 1336 Bal 
lentine Bivd., Norfolk, Va. (W) 

Ther Electric & Machine Works, 
Jefferson, Chicago 6. Ill, «S) 

Tora Engineered Products. Inc., 34 W 
Monroe, Bedford, Ohio (V) 

Unimax Switch Div.. The W. L. Maxson 
Corp.. Ives Rd., Wallingford, Conn 

Ward Leonard Electric Co 34 South, 
Mount Vernon. N. Y. (CGHOR) 

Westinghouse Electric Corp Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. (ABCDEFGIILOPS) 

Zenith Electric Co., 152 W. Walton. Chi 
cago 10. Ill. (HR) 


Ave., 


11A 8 


See Servomechanisms 


SYNCHROS. 


TACHOMETERS 

D & R Ltd., 402 E. Gutierrez, P. O 
Box 1500, Santa Barbara, Calif 

General Electric Co., Apparatus Sales Div.. 
Schenectady N 

Metron Instrument Co., 457 
ver, Colo. 

Reliance Electric & 
Dept. 279-A, Cleveland 17, Ohio 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Freling 
huysen Ave., Newark 5, N. J. 


Lincoln, Ten- 


Engineering Co.. 


TAGS. TERMINAL 

oe Band & Tag 
9-254, Newport 

Natvar Corp.. 207 
bridge, N. J 


Co.. P. O. Box 


Ky 
Randolph Ave., Wood- 


TANTALUM 
Fansteel Metallurgical 


cago. 
Mallory & Co., Inc.. P. R.. 
6. Ind 


Corp.. North Chi- 


Indianapolis 


TAPE, penesive and COIL 
FASTENING 

Insulation asneiedinns Corp., 
Washington Bivd.. Chicago 6, . 

ones Manville, Dutch Brand Products, 
7800 Woodlawn Ave., Chicago 19. Il 

Minnesota Mining & Mfg. Co., Electrical 
Products ae 900 Fauquier Ave., St 
Paul 6. Min 

sy al LePage’ 8 


565 W. 
1 


Inc., New Brunswick, 


TAPE, FRICTION and SPLICE 
Insulation Manufacturers Corp., 565 W 
ashington Bivd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co. 9 Argyle Terrace, Ir- 


vington 11. J. 
“Box 14, New York 16. 


setae. Manville 
Johns- Meavile. Duteh Drea Products. 
7800 Chicago 19, Til. 


Woodlawn Ave. 
Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., 8 
Paul 6, Minn. 


TAPE, INSULATING. See Fabrics. In- 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape and 
Sheeting. Synthetic Resin. 


TAPE, MAGNETIC RECORDING. 
Magnetic Recorder Components. 


ELECTRICAL MANUFACTURING 





TAPE, MICA. See Mica 
vA fn SHEETING, SYNTHETIC 
Resinite Dept.. Santa Bar- 


of The 


Borden < 
bara. Calif. 

Continentel- Diamond Fibre S Sub. 
Budd Co., Newark 13. Del 

du Pont de Nemours & Co. (In gL. 
Plastics Div., > flatten Devt. . Wil- 
mington 98, Del 

Insulation Manufacturers Corp., 565 W 
Washington Bivd.. Chicago 6, Ill. 

Irvington Div Minnesota Mining & 
Manufacturing moss 9 Argyle Terrace. 
Irvington 

Minnesota wR, ‘& Mfg. Co., 
Products ase 
Paul 6, Min 

Natvar Corp.. 307 
bridge. 

New Jersey 
trical 


Electrical 
900 Fauquier Ave., 


Randolph Ave., Wood- 


Wood Finishing Co., Elec 
Insulation Dept.. Woodbridge. 


United States Gasket Co.. Plastics Div 
of the Garlock Packing Co., Camden 1, 
N. J. 


TAPES, MEASURING 


Keuffel & Esser Co.. Hoboken, N. J. 


TELEPHONES 

Crouse-Hinds Ce., Syracuse 1, N. ¥ 

Kellogg Switchboard and Supply Co., 
S. Cicero Ave., Chicago 88, Ill 

National Pneumatic Co. Ine., 
“abot Div.. 125 Amory, 
Mass 

Stromberg-Carison, A Div.. of General 
Dynamics Corp., 117 Carlson Rd.. Ro 
chester 3. N. Y¥ 


6650 


Holtzer 
Boston 19. 


TEMPERATURE CONTROLS. See Con 
trols, Pressure and Temperature; Relays 
Switches; Thermometers Thermostats 


TERMINAL BLOCKS. See Strips 


TERMINALS. See Lugs and Terminals 


TESTING CHAMBERS. See Chambers. 
Test. 


TESTING 
ments 


INSTRUMENTS. See 
Also Tools, Portable. 


Instru 


TESTING LABORATORIES 

Testing Laboratories, 

nological Center, 6401 Oakton, 
Grove, 


Cook Tech 
Mortor 


THERMAL SWITCHES. See Switches 


THERMISTORS 

General Electric Co 
ucts Dept 31 
troit 32. Mich 

Victory Engineering 
fleld Rd.. Union, 


THERMOCOUPLES 


General Klectric Co., 
Schenectady 5, N. 
— Products Corp.. 
Con 

Westinghouse Electric 
Center, Bldg. No. 3. 
Pittsburgh 30, Pa 
Weston Electrical Instrument Corp A 
sub. of Daystrom Inc.. 614 Freling- 
huysen Ave., Newark 5, N 

Wheelco Instruments Div.. 
Co., 1403 Rock, 


Metallurgical Prod 
KE. 8 Mile Ave.. De- 


Corp., 109 Spring- 
‘. J. 


Apparatus Sales Div.. 
es 
New Haven 4, 


Corp.. Gateway 
401 Liberty Ave.. 


Barber-Colman 
Rockford. Il 


THERMOMETERS 
Weston Electrical Instrument Corp.. A sub 
of Daystrom Inc., Frelinxhuysen 
ve.. Newark 5. ; 
Wheelco Instruments Div., Barber-Colman 
Co.. 1403 Rock. Rockford, IN 


THERMOPLASTIC WIRE. See Wire and 
Cable. insulated 


THERMOSTATIC BIMETALS 
Brainin Co.. C. S., 318 Washington. Mt 
Vernon, N. Y. 
Chace Co., W. M., 
troit 9. Mich 
Engelhard Industries, Inc.. H. A 
Div., 1.8. Highway No. 22, 


1608 Beard Ave.. De- 


Wilson 
Union, 


N 
General Plate Div., 
Corp.. 1910 Forest, 


Metals and (Controls 
Attleboro, Mass. 


THERMOSTATS 


Barber-Colman Co., 1803 Rock, Rockford, 


Curtis Development & Mfg. Co., 8266 N. 
33rd. Milwaukee 6, Wis. 

Curtiss-Wright Corp., Carlstadt, } 

G-V Controls, Inc., 8 Hollywood 
East Orange, N. 

General Electric Co., “Apparatus Sales Div., 
Schenectady 5, 

Hart Manufacturing Co... 
Ave.. Hartford 1, Con 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio. 

Robertshaw- Fulton Co ontrols Co. 

lo. 


Coiumbus 16 

Spencer Div., Metals & Controls Corp., 
8610 Forest, Attleboro, Mass 

» Inc., Lexington ang 

429-83 

34 W. 


Newark. 


- J, 
Piaza. 
211 Bartholomew 


Acro Div. 


Corp., 
N. ¥ 


.. George, 420. Market, 


Westinghouse Electric Corp., Gate 
Center, Bldg. No. 3, 401 Liberty ~~ 
Pittsburgh 30, Pa. 

leo Instruments Div., Barber-Colman 
Co.. 1403 Rock, Rockford, Ill 
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7530 Thomas 


Eliza- 


Wiegand Co.. Edw L.. 
Bivd., Pittsburgh "8. Pa 

Wilcolator Co., 1001 Newark Ave.. 
beth. N. J 


TIMERS, MOTOR 
AEMCO, Inc., 50 State. 
Allen-Bradley Co., 1316 
waukee 4, Wis. 
Controls Co. of 
Ave., Schiller 
Cramer Controls 
brook, Conn. 
Eagle Signal 


Mankato, Minn. 
S. Second, Mil- 


America, 9551 Soreng 
Park, Ail. 

Corp., Box 8. 
202 20th. 


ape Sales Div., 


Center- 


Corp., Moline. 
li 

General Electric Co, 
Schenectady 5 

Hansen ee arin Co., Ine., 


ton 3. Ind. 
Haydon Co., A. W., 234 N. Elm. 
bury 20. Conn 
Haydon Div, of General Time Corp., 2533 
Elm, ‘Torrington, 
toe 


Prince 


Water 


Timer _ 1411) McCarter 
ay. Newar 

Miller. Harris Instrument Co., 611 E. Og- 
den Ave., Milwaukee 2, 

Relay Sales Inc.. Box 186-8 "West Chi- 
cago, I! 

Square D Co. 4041 N. Richards, 
kee 12. W 

Stromberg Caerleon, A Div 
— ‘orp.., 117 Carlson Rd.. 

N 


Pitman, N. J 
34 South. 


of General Dy- 
Rochester 


Struthers-Dunn. Inc., 
ard Leonard Electric Co., 
Mount Vernon. N. 

Westinghouse Electric Corp Gateway 
Center, idg. No. 3, 401 Liberty Ave. 
Pittsburgh 30. Pa 

Zenith Electric Co.. 152 W. Walton, Chi 
earo 10. Ill 


TIME SWITCHES. See Switches 


TOOLS. PORTABLE 

Barber-Colman Co.. 1808 Rock. Rockford 
Ill. (Hardness Testing) 

Gardner-Denver Co., Quincy, Il. 


matic) 
Thomas & Betts Co., Inc.. 28 Butler 
Elizabeth 1. N. J. (Terminal Tools) 


(Pnev 


TRACING CLOTH. FILM and PAPER 


Keuffel & Esser Co.. Hoboken. N. 3 
Osalid. A Div. of General Aniline & Film 
Corp.. Johnson City, N. Y. 


TRANSDUCERS, PRESSURE 

Electro Products Laboratories, Ine., 450) 
N. Ravenswood Ave., Chicago 40, Il 

Bervomechanisms, Inc. Mechatrol Div., 17 
Brooklyn Ave., Westbury, L, L, N. ¥ 


TRANSFORMER HOUSINGS. See Cam 
pets. Sheet Metal 


TRANSFER SWITCHES. See Switches 


TRANSFORMERS, ELECTRONIC 
Acme Electric Corp., 3510 Water, Cuba, 


Lauderdale. Fila 
18th Ave. 


Airpax Products Co.. Ft 
Audio Development Co.. Led 
Bouth a 7. Mir 
Caledonia Electronics & Transformer Corp 
Dept. EM-9, Caledonia, N_ Y. 
Chicago Standard Transformer Corp., 
Addison, Chicago 18. 
Electric Co.. $349 Addison 

Chicago 18. Ill. 

Dano Electric Co.. 93 Main, Winsted 
1901 


3501 


Conn 
Electran Mfg. Co., Clybourn Ave., 
14 i 
Winding Laboratories. r. o 
EM-8, Trenton 3, 
Div., Radio 


Harrison. 
16th, Chicago 


Ra 

Bola Electric Co.. 4633 we 

Standard Electrical Products Co.. 2240 E 
Third, Dayton 3, Ohio 

Texas Instruments Incorporated. 6000 
Lemmon Ave., Dallas 9. Texas 

United Transformer Co.. 150 Varick. New 
York 138. N. ¥ 

TRANSFORMERS, BALLAST. 
rescent Lamp Auxiliaries 


INSTRUMENT 


See Fluo 

TRANSFORMERS, 
CURKENT 

3510 Water, Cuba, 

Chicago Standard Transformer Corp., 3501 


Addison, Chicago 18, Ill 
Comar Electric Co., Addison, 
Winsted, 


Acme Electric Corp., 


3349 
Chicago 18, Il 
Dano Electric Co., 
Conn 

Electran Mfx. Co.. 
Chicago 14, I! 

General Electric Co.. 
Schenectady 5. > 

Bole Electric Co., 4633 W. 
50. Ill. 

Westinghouse 
Center, Blig. No 
Pittsburgh 30. Pa 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc.. 4 Frelinghuysen 
Ave.. WWewark 5. N. 


93 Main, 
1901 Clybourn Ave. 
Apparatus Sales Div 
16th. Chicago 


Electric Corp Gateway 
8. 401 Liberty Ave.. 


TRANSFORMERS, POWER CIRCUIT 
Acme Electric Corp., 3510 Water, Cuba, 


Chicago Standard Transformer Corp., 3501 
A 


Chicago . 
Co., 3349 Addison, 
. 91. Butler. Pa. 
Cutler-Hammer, Inc., 1264 St. 
Milwaukee 1 Wis 
Dano Electric Co.. 93 Main, 
Conn. 


Paul Ave.. 
Winsted. 





PANEL SPACE LIMITED ? SPECIFY 


DIALCOW4 Ganilhitl 


Sub-Miniature 


Pilot Lights 


COMPACT 
RUGGED 


OMNIDIRECTIONAL 
PLASTIC DOMES 


COMPLETELY 
INSULATED 


Also available 
with ‘Taper-Ta 
quick-connect 

terminals 


BACK 


or 


of panel 
insertion 


DIALCO’s expanded line of sub-miniature lights conform 
to all applicable Mil Specs. Use T-134 midget incandescent 
lamps—1.3 to 28 V. Spring mounted Lens-with-Message 
is readily positioned after installation... Mount from back 
of panel in 15/32” clearance hole; or from front of panel 
in 17/32” hole...7 lens colors...Sh 
size (top to bottom): No. 134-3830-375-0... No. 101-3830- 
951...No. 101-5030-951...No. 109-3830-111...No. 111- 


3830-111...No. 107-1930-951. 


1-Terminal 
Pilot Lights 


for use on grounded 
circuits. Available 
with binding screw 
or soldering terminal. 


approx. actual 


Complete details in Brochures L-156 A and L-157. 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


44 STEWART AVE., BROOKLYN 37, N. Y. @ HYacinth 7-7600 


i oolloeeelleeeeedtieeeetinennetiiemnatittieatinmnetiennnt nd iemedimmetinneatianedtiaattamatinendamadttaatnamiamdtaatiaeatimedbamdiamatien 


Brooklyn 37, N. Y. 


| DIALIGHT CORP., 


| © Send brochures on Sub-Miniatures 


44 Stewart Ave., 


0 


Selection 
Brochure O 


Position 





Name 


Pilot Light 
Catalogues 








| Company 
| Address 
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, : 
DLC 
ANCHOR 


PLASTIC 
EXTRUSIONS 


to your 
specifications 


2 


Shapes, Rods, Tubes, Fabricated Extruded Parts, 
Curved Extrusions*, Plasti-Metallic Trim Moldings. 
® We have made more complex extrusion dies than 
anyone we know. 
® Our 17 years’ experience in custom-extrusion and 
fabrication is your assurance of top quality service, 
at minimum cost. 
®@ No die charge for rods or tubes. 
® Send us your prints for prompt quotation. *Pat. 


WRITE FOR INFORMATIVE BROCHURE “EXTRUDED PLASTICS” 








-~~~.WAXES 
~~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 
components of ali types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal 


Special waxes non-cracking at —76°F. 


Let us help you with your engineering 
problems. 


For immediate service contact: 
Mayer, Sales Manager 
A. oad Techalest Director 
H. boratories 





Phone SOuth 8-0907 


ZOPHAR MILLS, inc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 


Circle 343 on page 17 


Dormeyer Industries 
Chicago 41, Ill 
Electran Mfg. C 
Chicago 14, 
General Electric Co.. 
Schenectady 5. 
Duty Electric Co., 


1901 Clybourn Ave.. 
Apparatus Sales Div. 
Milwaukee 1 
Nothelter Winding Laboratories, P. o., Box 
455, Dept. EM-8, Trenton 3, N. 
RCA Electron “pe in 
of America, Harrison. N. 
Sola ow Co., 4633 W. 16th, Chi¢ago 
50. " 
Standard Electrical Products Co.. 2240 E 
T Dayton 3, 0 
Electric & Machine Works. 114A 
150 Varick, New 


Jefferson, Chicago 6. 
. 6454 Plymouth 
Mo. 


Tube Div., 


8. 
United Transformer Co., 
ork 13. 


Electric Kons 

14, 

Westinghouse ciric 
Center, Bidg. No. 3 
Pittsburgh 30, Pa 


Corp., Gateway 
401 Liberty Ave 


TRANSFORMERS, VARIABLE 
VOLTAGE 
Acme Electric 3510 Water, Cubs, 
Co.. 3349 Addison 
Co., 1901 Clybourn Ave.. 


Hevi Duty Electric Co., Milwaukee 1, Wis 

RCA Electron Tube Div.. Radio Corp. of 
America, Harrison. N. 

Standaru Electrical Products Co., 2240 E 
Third. Dayton 3. io 


Corp., 


TRANSISTORS and CRYSTAL DIODES 
Clevite Transistor Products Div., Clevite 

Corp., 241 Crescent, Waltham 54, Mass 
Genera) Electric Co., Electronics Rit 


Silicon Transistors) 
Hoffman Semiconductor Div. Hoffman 
Electronics Corp.. 930 Pitner 
Evanston, Ill. 
Hughes Products, 
International 


Semiconductor Div., 
Airport Sta., Los Angeles 
45, Calif 


International Resistance Co.. 401 N. 
Broad. Philadelphia 8, Pa. 

RCA Semiconductor sh Radio Corp. of 
America, Harrison, N. J. 

Sprague Electric Co.. 307 Marshall, North 
Adame Mass 

Sylvania Electric Products, Ine.. 
Broadway. New York 19, N 

Texas Instruments Incorporated. 6000 Lem- 
mon Ave.. Dallas 9, Texas 

Transitron Electronic Corp.. Wakefield. 


1740 


Gateway 
L iberty Ave 


ase 
Westinghouse Electric Corp 
Center, Bldg. No. 3. 401 
Pittsburgh 22. Pa 


TUBE PARTS (Electronic). 
tronic Tube Components 


See Elec- 


TUBES. CATHODE RAY 
Dumont Laboratories, Allen B., 760 
Bloomfield Ave., Clifton, N 


Genera! erat Co.. Tube Dept.. Schenec- 


tady a & 

RCA Keeton Tube Div., Radio Corp. of 
America. Harrison, N. J 

TUBES ELECTRON 

Amperex Electronic 
Hicksville, 


(Industrial) 

Corp., 230 Duffy Ave., 

5 os Xe 

gee... 5tl Broadway, New 

Chatham Electronics. Div. of Tung-Sol 
Electrie Ine.. Livingston. N. J 
Dumont Laboratories, Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Elections Inc., 127 Sussex Ave., Newark 
3 N 

Tube Dept., Schenec- 


Tube Div., 
Los Angeles 


General Electric Co., 


Hughes Products, Electron 
International Airport Sta., 
45. Calif 

RCA Electron Tube Dir., 

Harrison. N . 
Products, Inc., 
New York 19, N. Y. 

Westinghouse Electric Corp.. Gateway 
Center, Bldg. No. 3. 401 Liberty Ave.. 
Pittsburgh 80. Pa 


odie Corp. of 
1740 


TUBES 


Glase 


- ~ bev pee GLASS. Ser 
‘Techn 


TUBES, PHOTOELECTRIC. See 
electric Cells and Tubes 


Photo 


TUBES, THERMOCOUPLE 
Kanthal Corp.. 3 Amelia Viace, Stamford 
onn 


TUBING. ALUMINUM. See Aluminum 


and COP.- 


regen. BRASS. BRONZE 
PER. Bronze and Copper 


See Brass, 


TUBING. FIBRE. See Fibre 


TUBING, LAMINATED METAL. See 
Laminated Metals, Precious and Base 


TUBING, MICA. See Mica 


TUBING, NICKEL and NICKEL ALLOY 
See Nickel and Nickel Alloys 


TUBING, PAPER 

Cleveland Container Co.. 
Ave.. Cleveiand 2. Ohio 

Continental-Diamond Fibre. A Sub. of The 
Budd Co., Newark 13, 

Paramount Paper Tube pers. "612 Lafa- 
yette, Ft. Wayne 2, 


6201 Barberton 


124 Milwaukee Ave., TUBING. SILVER. See siver and Silver 
Alloys 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Benden Co., Resinite Dept., Santa Barbara. 
Continental-Diamond Fibre. A Sub. of The 
Budd Co.. Newark 13. Del. 

Insulation Manufacturers Corp.. 565 W. 
Washington Bivd., Chicago 6, Ill. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co.. 9 Argyle Terrace, Ir- 
vington 11, } 
Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 
Varflex Corp., 504 W. Court, Rome, N, Y¥ 
Westinghouse Electric Corp Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 

Pittsburgh $0. Pa 


TUBING and SLEEVING, EXTRUDED 
PLASTIC 


Borden Co.. Resinite Dept., Santa Barbare 


Plastics Dept.. 


Insulation Manufacturers Corp.. 565 W 
Washington Blvd.. Chicago 6, Ill. 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co.,'9 Argyle Terrace, Ir- 
vington 
National 
ton 99. Del. 
Natvar Corp.. 207 

bridge, } 
New Jersey Wood Finishing Co., 
Insulation Dept.. Woodbridge, N 
Phalo Plastics Corp., 530 Boston Tpke., 


Shrewsbury, Mass 
N. Monticello Ave.. 


General 


Electric (Co.. 
Decatur. Ill 


Wilming- 
Wood- 


mpeerienl 


ee Ae 
Vulcanized Fibre Co., 
Randolph Ave.. 


an Brothers, 8027 
Skokie, Ill 
United States Gasket Co.. Plastics Div. of 
The Garlock Packing Co., Camden 1 
Varfiex Corp.. 504 W. Court, Rome. N. Y. 
TUBING, STEEL. See Steel, 
Forms and Grades. 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp., North Chi- 
cago 
Mallory & Co., Inc., P. R.. 
Ind. 


Commercia) 


Indianapolis 


TUNGSTEN WIRE, 


Engelhard 
num Div., 113 


PLATINUM CLAD 
Industries, Inc., Baker Plati- 
Astor, Newark 2, N. J 


UNDERCUTTERS. 
Undercutters 


MICA. See Mica 


VACUUM TUBES. See Tubes. Cathode 


Ray; Tubes, Electron 


vALves. MOTORIZED or SOLENOID 

OPERATED 

euaaa Switch Co., 
Florham Park. 

Barber-Colman Co.. 


50-M Hanover Rd., 
J 
"1808 Rock, Rockford, 


Controls Co., of America, 9551 Soreng 
Ave., Schiller Park, Ill. 
General maouete Co., Apparatus Sales Div.. 
Skinner Electric’ Vaive Div.. New Britain 
Gateway 
Liberty Ave.. 


Westinghouse Electric Cor 
Center, Bidg. No. 3, 401 
Pittsburgh 30, Pa 


VARNISHED 
Insulating 


FABRICS. See Fabrics, 


VARNISHES. COMPOUNDS and 
RESINS, INSU Att TING 


Acme Wire Co.. 12 ~y Dixwell Ave., 
Haven 14. Conn 
Borden Co., Resinite Dept., 
bara, Calif 
Borthig Co., Inc., George C. 
ave.. East Rutherford, 
a corp., 
(Silicone 
du_ Pont ody Nemours & ( (Ine.). 
Plastics Div.. Polychemicals 
Wilmington 98. Del 
Durez Plastics Div Hooker 
a , 1310 Walck Rd., N, 
¥ 


New 
Santa Bar- 
242 Paterson 
Mich. 


E. L., 
Dept., 


ties, 


Chemical 
Tonawanda, 


eanas Electric Co.. Laminated Products 
Dept.. Coshocton, Ohio. 

Insulation Manufacturers Corp.. 565 W 
Washington Blvd.. Chicago 6, IIl. 

Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace. Irving- 


ton 11, } 
London Chemical Co., Inc., 1587 N. Slet 
Phoctttens 


Ave.. Melrose Park Til 
Minnesota Mining & Mfg. Co., 
Pp cts Div., 900 Fauquier Ave., 
6, Minn 
Bush. San 


Chemical Co., 200 


Francisco 4. Call 

Permacel-LePage's Inc., New Brunswick, 

Sherwin-Williams Co., General Industrial 
iv., Cleveland 1. Ohio 

Union Carbide Corp.. Silicones Div., 420 
Lexington Ave.. N wv. na 

Westinghouse t Gateway 
Center, Biig. No. 3, 401 Liberty Ave., 
Pittsburgh 30, P 

Zophar Mills, Inc., 112-130 26th, Brook 
lyn 32, Y. 


WAXES and COMPOUNDS 

Biwax Corp., 3443 Howard, Skokie, III. 

Dow Corning Corp., Midland, Mich 

General Electric Co., Laminated Products 
ent.. Coshocton, Ohio 

Minnescta Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
Paul 6. Minn 

Zophar Mills, Inc., 112-130 26th. Krooklyn 
82. N. Y. 


ELECTRICAL MANUFACTURING 





see how felt * 
fits in with 
your 

products! 


Let us 

show you how 

to save money 

and increase 
efficiency with the 
proper use of felt. 


FRE Samples and Applica- 
tions of Industrial Felt. 


*made to S.A.E. and Federal Govt. Specifications 


CONTINENTAL E'RSUT cComPANY. inc 
22 WEST 15th STREET 5 NEW YORK 11, N Y 


Circle 352 on page 17 





FOLDING DOUBLE CUPPED WASHER LUGS 


Solderless mumeeO) 0 


seme Easy to Apply 
No Special Tool Needed 


One-Piece a. rs) ‘s) 


Efficient in Write for 
Service aH Bulletin 8-DF 


Oram ey & oo INC. 
1043 EVANS STREET, CINCINNATI 4, OHIO 6 a 


= 


Circle 345 on page 17 


HEAT CONTROL — LIGHT CONTROL 
SPEED or POWER CONTROL 


close adjustment (AC or DC 


Portable Plug-in RMEUSTATS 


or APPLIANCES 


Built-in RHEOSTATS 


for MACHINES and EQUIPMENT 


NATIONAL ELECTRIC CONTROLLER CO. 


7076 Glenwood Ave., Chicago 26, Ill. 


TABLIS 
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Ten sizes — from sub- 
miniature up — for a 
wide variety of appli- 
cations — A.C. and D.C. 
Quality construction in- 
sures efficient opera- 
tion and long life. Spe- 
cial features available 
include push rods and 
encapsulated = coils. 
Prompt service on stand- 
ard or custom engi- 
neered types. 


Low cost — high per- 
formance solenoids. 
Ideal for automotive, 
appliance and vending 
machine applications. 
Miniature and submini- 
Givre sizes. 


SOLENOIDS * COILS + ELECTRICAL COMPONENTS a 
Sepg for Catalog! 


anderson controls, inc. 


General Offices: 2777 Mannheim Road Des Plaines 


Phone: VAnderbilt 4-3147 Factories: Des Plaines, Ill. & Woodstock, Ill 


Circle 344 on page 17 





. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Island 
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i a Se 
STEEL BLUE 


Steps Leases 


Ried with = 
making Dies and 8-oz. can . 


Bakelite cap — = 

plyi eee beak 

g right a nc - 

metal tal surface ready for = 
layout in a few minutes. 

4 The dark blue background = 
makes lines 
~ show up in sharp relief, 

prevents metal glare. In- = 

creases efficiency and = 
accuracy. 


Siete 
ri somple 


pee 
THE DYKEM COMPANY 
2303F North 11th St. + St. Louis 6, Mo. 


Templates 


Circle 347 on page 17 











TYPE 115 
4 


MINIATURE 
TELEPHONE-TYPE DC 
RELAY CUTS SPACE 
REQUIREMENTS BY 2! 


Available up to 4PDT, this compact telephone- 
type DC relay measures only 1 Ye” long x %” 
wide x 156” high over stack. Up to 500 
CPS Vibration. Current rating: up to 3 amps. 
Furnished with silver, palladium, or gold alloy 
contacts and beryllium copper contact springs. 
Stack insulation: Type G5 Glass Melamine. 
Coil resistances available up to 10,000 ohms. 
Insulated up to + 125°C. Available in open 
or hermetically sealed models. Type ‘K" 
enclosure available with either plug-in or 
solder terminals. Dimensions of hermatically 
sealed unit: 1'Y%” long x '%e” wide x 
1%” high. For detailed specifications on this 
compact unit write for your free copy of 
AEMCO's newest relay catalog. 


Need relays? 


AEMCO offers a complete line of 
relays in a wide choice of spring 
and coil combinations. operating 
potentials, and contact ratings. If 
one of hundreds of standard 
AEMCO relay types does not ex- 
actly meet your requirements, we 
will be happy to design and manvu- 
facture a unit to meet or exceed 
your requirements. 


AEMCO also monufactures a complete line of Se- 
quence and Automatic Re-Set Timers, Time Switches 
and Sign Flashers. 

5 ag | 


os” ee 


e WRITE TODAY 7 


/ 

{ Your inquiries are invited. Ask for 

\ your free copy of Relay Catalog 
\\ describing all standard relays in, 


the AEMCO line. 
——s eA . a 


- 
Pw mene 


EME INCORPORATED 





6 2 State St. ¢ Mankato, Minn. 
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AEMCO Inc. 


AGA Div., 
America 


AMP Incorporated 


Acme-Newport Steel Co., A Sub. of 
Acme Steel Co. 249 


Acme Wire Co., The 226 
Adams & Westlake Co., The 161 
Air-Marine Motors Inc. 280 


Elastic Stop Nut Corp. of 


Airpax Products Co., The, Seminole Div. 206 
Akron Porcelain Co. 337 
Alden Products Co. 337 
Allegheny Ludlum Steel Corp. 

Allen-Bradley Co. 267, 


Allied Chemical, Plastics and Coal 
Chemicals Div. 


Allied Research Products, Inc. 
Allis Co., The Louis 

Aluminum Co. of America 
Aluminum Permanent Mold Co. 
American Brass Co., The 


American Chain & Cable Co., Inc., 
Page Steel and Wire Div. 


American Cyanamid Co., 
Resins Div. 


Amperite Co., Inc. 
Anaconda Wire & Cable Co. 


| Anchor Plastics Co., Inc. 


Plastics and 


Anderson Controls, Inc. 

Arnold Engineering Co., The 

Arrow-Hart & Hegeman Electric Co., The 
324 


Associated Research, Inc. 
Atlas Powder Co., Chemicals Div. 


Automatic Electric Sales Corp., Sub. of 
General Telephone 


Automatic Timing & Controls, Inc., A Sub. 
of Safety Industries, Inc. 


Beckman & Whitley, Inc. 


Belden Manufacturing Co. 
Inside Front Cover 

Bodine Electric Co. 2 
Boesch Manufacturing Co., Inc. 184 
| Borthig Co., Inc., George C. 188 
Brush Instruments Div. of Clevite Corp. 283 
Burndy Corp., Omaton Div. 


McGraw -Edison 


273 


Bussmann Mfg. Div., 
Co. 


i a 
Cannon Electric Co. 


| Carr Fastener Co., Div. 
Fastener Corp. 


| Centralab, A Div. 

Century Electric Co. 54 

| Chace Co., W. M. 178 
| Chase Brass & Copper Co., Sub. of Kenne- 

cott Copper Corp. 221 

Chassis-Trak Inc. 201 

| Chatillon & Sons, John 198 

Chicago Standard Transformer Corp. 254 


of United-Carr 
279 


of Globe-Union, Inc, 262 


| Christie Electric Corp. 216 
| Circle F Mfg. Co. 307 
| Clifton Precision Products Co., Inc. 

Back Cover 


Cochran Foil Corp., A Sub. of The 


Anaconda Co. 


Columbia-Geneva Steel Div., United 


States Steel Corp. 
Comar Electric Co. 


| Continental-Diamond sipaepd A Sub. of 
The Budd Co. 


| Continental Felt Co., Inc. . 


Continental Screw Co. 
Continental Wire Corp. 
A Div. 


Coors Porcelain Co. 


Control, of Magnetics, Inc. 


Cords Limited Div., Essex Wire 


Cosmo Plastics Co. 
Coto-Coil Co., Inc. 
Cramer Controls Corp. 
Curtiss-Wright Corp., Electronics Div. 


Cutler-Hammer Inc. 


Dano Electric Co., The 

Delco Products Div. of General Motors 
Deluxe Coils, Inc. 

Dialight Corp. 


—-s Manufacturing Co., Electrical Div. 
f The Singer Manufacturing Co. 


Dings Brakes, Inc., A Sub. of Dings 
agnetic Separator Co. 


Dow Chemical Co., The 
Dow Corning Corp. 
Dudek & Bock Spring Mfg. Co. 


du Pont de Nemours & Co. (Inc.), E. I 


Fabrics Div, 
Durakool, Inc. 


Durez Plastics Div., Hooker Chemical 


Corp 
Dykem Co., The 


Rogie Signal Corp., Industrial Timers 


Electran Mfg. Co. 


Electrical Industries, A Div. of Philips 
Electronics, Inc. 29 


Electric Auto-Lite Co., The 199, 200 
Electric Specialty Co. 259 
Electrons, Inc. 230 
Electrovert Inc. 269 
Enjay Co., Inc. 177 


Epoxy Products, Inc., 

Waldman & Sons 
Erie Resistor Corp., Erie Electro- 

Mechanical Div. 176 
Essex Wire Corp. 

Cords Limited Div., R-B-M Control 

Div., Wire and Cable Div. 210, 211 


Magnet Wire Div. 165 


A Div. of Joseph 


Fansteel Metallurgical Corp. 45, 290, 

291, 292, 293 
Fawick Airflex Div., Fawick Corp. 215 
Ferris Instrument Co. 296 
Ferroxcube Corp. of America 14 
Fusite Corp., The 285 


GRH Halltest Co. 264 
G-V Controls Inc. 316 
General Cable Corp. 260 
General Ceramics Corp. 60 


General Electric Co., 


Apparatus Sales Div. 37, 38, 39, 40, 


41, 42, 43, 44 
56, 57 
General Magnetics, Inc. 202 


General Plate Div., 
Corp. 


Gibson Electric Co. 
Globe Industries, Inc. . 


Semiconductor Products Dept. 


Metals & Controls 


ELECTRICAL MANUFACTURING 
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Gries Reproducer Corp. 


Guardian Electric Manufacturing Co. 


Hardwick Hindle, Inc. 

Hart Manufacturing Co., The 
Haydon Co., The A. W. 

Haydon Div. of General Time Corp. 
Heinemann Electric Co. 

Heinze Electric Co. 
Hewlett-Packard Co. 

Heyman Manufacturing Co. 


Hooker Chemical Corp., Durez Plastics 
iv, 


Hoover Co., The, Die Casting Div. 


Hussey & Co., C. G. (Div. of Copper 
Range Co.) 


IBM Special Engineering Products Div., 
International Business Machines Co. 


Indiana Steel Products Co., The 
Induction Motors Corp. 
Industrial Timer Corp. 


Inland Testing Laboratories, Cook Tech- 
nological Center 


International Nickel Co., Inc., The 
International Rectifier Corp. 


International Resistance Co. 


Jeffers Electronics Div., Speer Carbon Co. 
Johns-Manville 


Jones & Laughlin Steel Corp., 
Stainless and Strip Div. 69, 


Jones Div., Howard B., Cinch Manufac- 
turing Corp. 


Kearfott Co., Inc., A Sub. of General 
Precision Equipment Corp. 


Kellogg Switchboard and Supply Co., Div. 
of International Telephone and Tele- 
graph Corp. 

Kepco Laboratories, Inc. 

Kester Solder Co. 

Klein & Sons, Mathias 

Krengel) Manufacturing Co., Inc. 

Krueger & Hudepohl, Inc. 


Kurman Electric Co., Div. of Norbute 
Corp. 


Lamb Electric Co., The, A Div. of Ameri- 
can Machine and Metals, Inc. 


Laminated Shim Co., Inc., Stampings 
Iv. 


Leland Inc., G. H. 
Lovejoy Flexible Coupling Co. 


Madison-Kipp Corp. 

Magnetic Metals Co. 

Magnetics, Inc. 

Magnet Wire Div., Essex Wire Corp. 
Malco Tool and Manufacturing Co. 
Mallory & Co., Inc., P. R. 

Micro Switch, A div. of Honeywell 28, 


a tog Molding and Manufacturing 
0. 


Milford Rivet & Machine Co., The 
Miller Co., The, Rolling Mill Div. 


Minnesota Mining and Manufacturing 
Co. 64, 65, 
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Moen Trading Co. 336 
Moore Inc., George W. 336 
Mosinee Paper Mills Co. 335 
Moslo Machinery Co. 333 


National Band & Tag Co. 335 


National Carbon Co., Div. of Union fp 
Carbide Corp. 55 


National Electric Controller Co. 347 
National Lock Washer Co., The 265 


National Polymer Products, Inc., A Sub. 
of The Polymer Corp. 239 


National Vulcanized Fibre Co. 47, 48, 49 
Natvar Corp. 281 
New Departure Div. of General Motors 1 
New Jersey Porcelain Co. 334 
New Jersey Wood Finishing Co. 

New Jersey Zinc Co., The 

Nippert Electric Products Co., The 

North Electric Co., Industrial Div. 


Ohmite Manufacturing Co. 


Ozalid, A Div. of General Aniline & 
Film Corp. 


Page Steel and Wire Div., American 
Chain & Cable 


Paramount Paper Tube Corp. 


Parker-Kalon Div.. General American 
Transportation Corp. 311 


Phelps Dodge Copper Products Corp., 
Inca Manufacturing Div. 4, 5, 32, 33 


Photocircuits Corp. 298 


Potter & Brumfield, Inc., Sub. of Ameri- 
can Machine & Foundry Co. 59 


Production Instruments Div. of General 
Controls Co. 


R-B-M Control Div., Essex Wire Corp. 211 


Radio Receptor Co., Inc., Semiconductor 
Div., Sub. of General Instrument Corp. . 213 


Rae Motor Corp. 334 


Redmond Co., Inc., Sub. of Controls Co. 
of America 251 


Reliance Electric and Engineering Co. 
Inside Back Cover 


Reynolds Metals Co. 297 


Riverside-Alloy Metal Div., H. K. Porter 
Co., Inc. 28 


Robbins & Myers, Inc. 


Roebling’s Sons Corp., John A., Elec- 
trical Wire Div., Sub. of The Colorado 
Fuel and Iron Corp. 


Rogan Brothers 
Rohm & Haas Co. 
Rolenoid, Inc. 
Rostone Corp. 


Royal Electric Corp., An Associate of 
nternational Telephone and Tele- 
graph Corp. 


Sarkes Tarzian, Inc., Rectifier Div. 169 


Sherwin-Williams Co., The, General Indus- 
trial Div. 58 


Silicones Div., Union Carbide Corp. 331 
Simpson Electric Co. 277 
Skinner Electric Valve Div. 241 
Society of The Plastics Industry, Inc., The 333 


WEVGO 


STRAIN RELIEF 
BUSHINGS 


Insulate & Anchor 
power supply cords 


For 
standard 
& special 
wires & 
cables— 


Protect the life line of 
your electrical products 


Tell us your wire sizes— we'll send 
you Nylon HEYCO samples. 


HEYMAN 


MANUFACTURING COMPANY 
KENILWORTH 1, NEW JERSEY 
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~-- $0 Use INDEX TO 


“A.W. HAYDON ADVERTISERS 


company’s 
SUB-MINIATURE HERMETIC | 
ELAPSED TIME INDICATORS. cones. teas co. tne 


You, too, can afford the space to keep track Speer Resistor Div., Speer Carbon Co. 


of time! From now on, these really small Spencer Div., Metals & Controls Corp. 
(il4,”) Elapsed Time Indicators will keep Sprague Electric Co 
company with the best of Electronic Miracles. Square D Co 


Stackpole Carbon Co., Electrical 
Components Div 


Stalwart Rubber Co 
Standard Screw Co 
Stearns Electric Corp 


Stromberg-Carlson, A Div. of General 
Dynamics Corp 

. . . . Struthers-Dunn, In 

The illustration t the operating time of various 

sections of an electronic console can be monitored. Switchcraft, Inc 


. . Sylvania Elect Products In 66, 252, 
The dial type units read up to 2,500 hours in ing? oe 


one hour increments, while the digital type units 
read up to 9999.9 hours in one-tenth hour in- 
crements. Designed for military applications, i tin il 
° ayior ipre oO 
these 41/2 ounce units can save valuable panel , 
4 . : . > . Tennessee Coal & Iron Div., United 
space in industrial and electronic applications. States Steel Corp 


Synthane Corp 


m Thomas & Betts Co., Inc., The 
She , ‘ 
Thomas & Skinner, Inc 


a 
The 400 cycle mod- /\.W-RIAYDON Tinnerman Products, Inc 


els mow in produc- Tobe Deutschmann Co 

tion are described Ee 0 MPANY 

in Bulletin AWH ET 

602. 234 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 


Torq Engineered Products, Inc 


Design ond Menulocture of Electre-Mechenicel Timing Devices Uaimas Swiech Div.. The W. L. Max- 
son Corp. 


nion Carbide Corp 
National Carbon Co. 


Silicones Div. 
Inited Air Lines, Cargo Sales Div. 
Inited Shoe Machinery Corp. 


Inited States Gasket Co., Plastics Div 
of The Garlock Packing Co. 


Inited States Graphite Co., The, Div. 
of The Wickes Corp 


Inited States Steel Corp 
Jnited States Steel Export Co. 
Jnited Transformer Corp. 


niversal Winding Co. 


Varflex Corp. 
a’ Veeder-Root Inc. 


a ne OT Vickers Inc., Div. of Sperry Rand 
ae Corp., Electric Products Div. 


- “Save SPACE and WEIGHT with the ie atrieiiatio tee 
A. W. HAYDON COMPANY'S 
Unique Line of RELIABLE SUB-MINIATURE Wagner Electric Co. 233, 


Waldes Kohinoor, Inc. 
ELAPSED TIME INDICATORS Wales-Strippit Co., A Unit of Houdaille 


Industries, Inc. 
TINY! : 
' Westinghouse Electric Corp. 
Westinghouse Electric Corp., Semi- 
conductor Dept. 
Weston Instruments, Div. of Daystrom, 
pholticl. Bi Inc. 
Temperanen aC. to 85 West Virginia Pulp and Paper Co., 
Board Products Sales 318 
Wheelock Signals, Inc. 214 


Wiegand Co., Edwin L. 308 


7 Urry; 


9% 


Wire and Cable Div., Essex Wire Corp. 2 
‘ 


Wisconsin Porcelain Co. 


Zenith Electric Co. 
Zophar Mills, Inc. 
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CHANGE () 33 
DIRECTION —— 


All Electric 
Variable Speed Drive 
with Finger-tip Control 


The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 


The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 
100 to 1 speed range for jogging or light intermittent duty. 
There’s a big power cushion in the motor too . . . power for 
smooth speed pick up, even under heavy shock loads, and 
dynamic braking for fast controlled stops without shudder- 
ing or jerking. 
The Reliance V*S Jr. is your answer to machinery drive 
problems in the % to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


0 volt a-c. line. 
SPEED RANGE ty 220 or 440 volt a-c. line 


Write for Bulletin D-2505 for complete details. D-1554 


RELIANCE{ } ELECTRIC 


AND ENGINEERING COMPANY 


Dept. 2711A, Cleveland 17, Ohio 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in principal cities 


OXOXOIOTOR ORE, 
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CLIFTON PRECISION can give you what you want 


ees (ff PRECISION 
COMPUTING 
RESOLVERS 


ACCURACY 


Wt.: 32 grams Without any compensation or balancing, 60% of a recent 
Diam.: 750 in. production run of our precision computing resolvers showed 
functional errors of under .03%. Ninety-five percent of the units 
showed under .06% error. 
Perpendicularity of axes is held to one minute of error in 
90 degrees, or +3’ on the full circle. Due to extreme 
symmetry of rotor and stator, nulls are excellent. 
Low phase shifts are an added feature. 


VERSATILITY 


Many types of Clifton Precision computing resolvers are 
offered including: 
e Sizes 8, 11 and 15 
Stainless steel housing and bearings (corrosion resistant) optional 
450°F High Temperature Units 
The following compensation available in any or all units: 
Resistive 
Feedback Winding 


Size 11 Thermistor 


Wt.: 90 grams ‘ : . . 
eae Aes sa Units suitable for use with transistors 


Pin or screw terminals or lead wires 
BuOrd type shafts available 
BuOrd MK 4 Mod 0 brush block configuration available 


PRICE AND DELIVERY 


Rotary Components are our business. We have studied the 
efficient manufacture of synchros and resolvers for many years 
—with results that have enabled us to lower traditional prices 
substantially in the past. We ask you to review what you are 
paying for precision computing resolvers. 

Early delivery has been further insured by our new facility at 
Colorado Springs, Colorado, which approximately doubles our 
capacity to produce high accuracy rotary components. 

For many types of our resolvers we are already tooled and 
can make surprisingly quick delivery. 

When you need any rotary component—resolver, synchro 
or motor, quantity or short run, think of CPPC. 

Call or write Sales Department, Hilltop 9-1200 
(Suburban Philadelphia) or our Representatives. 





Wt.: 160 grams 
Diam.: 1.437 ins. ‘Gele] ae ge) 


Cppe 


FOR SYNCHRO PROGRESS 
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